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(57) ABSTRACT 

A semiconductor device includes a Switching element hav 
ing: a drift layer, a base region; an element-side first impurity 
region in the base region; an element-side gate electrode 
sandwiched between the first impurity region and the drift 
layer; a second impurity region contacting the drift layer, an 
element-side first electrode coupled with the element-side 
first impurity region and the base region; and an element-side 
second electrode coupled with the second impurity region, 
and a FWD having: a first conductive layer; a second conduc 
tive layer; a diode-side first electrode coupled to the second 
conductive layer, a diode-side second electrode coupled to 
the first conductive layer, a diode-side first impurity region in 
the second conductive layer, and a diode-side gate electrode 
in the second conductive layer sandwiched between first 
impurity region and the first conductive layer and having a 
first gate electrode as an excess carrier injection Suppression 
gate. 

7 Claims, 35 Drawing Sheets 
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SEMCONDUCTOR DEVICE HAVING 
SWITCHING ELEMENT AND FREE WHEEL 
DODE AND METHOD FOR CONTROLLING 

THE SAME 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is based on Japanese Patent Applications 
No. 2010-168300 filed on Jul. 27, 2010, No. 2010-210302 
filed on Sep. 20, 2010, and No. 2011-27994 filed on Feb. 11, 
2011, the disclosures of which are incorporated herein by 
reference. 

TECHNICAL FIELD 

The present disclosure relates to a semiconductor device 
having a semiconductor Switching element with an insulated 
gate structure and a free wheel diode coupled in parallel with 
each other, and a control method therefor. 

BACKGROUND 

Structures in which a vertical MOSFET and a free wheel 
diode are contained in one chip for the simplification of the 
structure of MOSFET used in an inverter have been conven 
tionally proposed. (Refer to Patent Document 1, for 
example.) In semiconductor devices obtained by containing a 
vertical MOSFET and a free wheel diode in one chip, the free 
wheel diode is formed of a p-n junction comprised of a body 
layer and a drift layer provided in the vertical MOSFET. 
Patent Document 1 Japanese Unexamined Patent Publica 
tion No. 2004-22716 
The above conventional configuration makes it possible to 

carry out diode operation without need for an external free 
wheel diode during inverter operation. This reduces a number 
of required components and brings about an advantage of the 
feasibility of size and cost reduction. With the above conven 
tional configuration, however, excess carriers are discharged 
during diode operation and they flow out as reverse recovered 
charge Qrr and this poses a problem of increased recovery 
loss. 

To solve this problem, the present applicants proposed a 
technique for Suppressing excess carrier injection using a gate 
for driving MOSFET. This technique is as follows: during 
diode operation, a positive Voltage slightly lower than the 
threshold value of MOSFET is applied to form a weak inver 
sion layer to accelerate the recombination of injected excess 
carriers; or a depletion layer is formed to reduce an area used 
as a diode. (Refer to Japanese Patent Application No. 2010 
6549.) 

This method brings about an effect that it is possible to 
Suppress the injection of excess carriers to reduce reverse 
recovered charge Qrr without increasing loss during diode 
operation. However, a difficulty arises because one and the 
same gate has charge of MOSFET operation and excess car 
rier injection Suppressing operation. When noise enters the 
gate and the gate Voltage fluctuates during excess carrier 
injection Suppressing operation, there is a possibility that the 
threshold value of the MOSFET is readily exceeded. In this 
case, self turn-on occurs and the MOSFET is unintentionally 
turned on. 

In the above description, a vertical MOSFET has been 
taken as an example of the semiconductor Switching element 
with an insulated gate structure. However, the above prob 
lems arise also in any vertical MOSFET including trench gate 
type, planar type, and concave type and the horizontal MOS 
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2 
FETs also involve the same difficulties. The same difficulties 
arise also invertical and horizontal IGBTs. These difficulties 
arise not only in semiconductor devices in which a semicon 
ductor Switching element with an insulated gate structure and 
a free wheel diode are contained in one chip. They arise also 
in those in which a semiconductor Switching element and a 
free wheel diode are formed in different chips as long as they 
are semiconductor devices so structured that a semiconductor 
Switching element with an insulated gate structure and a free 
wheel diode are coupled in parallel. Also when a semicon 
ductor switching element and a free wheel diode are formed 
in different chips, the above excess carrier injection Suppres 
sion can be implemented. Even when this technique is 
applied, however, recovery measures can be carried out but 
the difficulty of self turn-on still remains. 

Systems with the following structure have been conven 
tionally adopted: a structure in which IGBT as a semiconduc 
tor Switching element used in an inverter for driving an elec 
tric induction load Such as a motor and a free wheel diode 
(hereafter, abbreviated as FWD) are formed in different chips 
and they are coupled in parallel. To further reduce the size of 
these systems, the following practice has been taken: IGBT is 
replaced with a vertical MOSFET and a body diode incorpo 
rated in the vertical MOSFET is caused to function as FWD. 

In case of structures in which a vertical MOSFET and 
FWD are contained in one chip, injection efficiency is inten 
tionally reduced by controlling minority carrier life or taking 
other like measures to reduce the recovery loss of the FWD. In 
this case, conversely, on-voltage during back flow operation 
is raised and this increases back flow loss. Therefore, a diffi 
culty in achieving both recovery loss reduction and back flow 
loss reduction arises. 
To cope with this, the technology for implementing the 

following is disclosed in Patent Document 2: a deep trench 
gate is formed in a diode region where the injection efficiency 
is low in a chip in which a semiconductor Switching element 
is formed; during back flow operation, a negative bias is 
applied to the trench gate to form an accumulation layer in a 
vicinal region to enhance injection efficiency and reduce on 
Voltage. 
Patent Document 2 Japanese Unexamined Patent Publica 
tion No. 2009-170670 
However, structures in which a deep trench gate is formed 

in a diode region as described in Patent Document 2 involve a 
difficulty. It is necessary to form a trench gate for diode region 
different in depth from the trench gate for forming a semi 
conductor Switching element. For this reason, a process for 
forming the trench gate different in depth is required and this 
incurs increase in the number of manufacturing process steps 
and increase in manufacturing cost. 

SUMMARY 

In view of the above-described difficulty, it is an object of 
the present disclosure to provide a semiconductor device 
having a semiconductor Switching element with an insulated 
gate structure and a free wheel diode coupled in parallel with 
each other. It is another object of the present disclosure to 
provide a method for controlling a semiconductor device 
having a semiconductor Switching element with an insulated 
gate structure and a free wheel diode coupled in parallel with 
each other. The semiconductor device has a structure in which 
recovery loss can be reduced and self turn-on due to noise is 
restricted. 

According to a first aspect of the present disclosure, a 
semiconductor device includes: a semiconductor Switching 
element with an insulated gate structure; and a free wheel 
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diode. The semiconductor switching element includes: a drift 
layer having a first conductivity type; a base region having a 
second conductivity type and arranged on the drift layer, an 
element-side first impurity region having the first conductiv 
ity type, arranged in a Surface part of the base region, sepa 
rated from the drift layer by the base region therebetween, and 
having an impurity concentration higher than the drift layer, 
an element-side gate electrode disposed in the base region 
sandwiched between the first impurity region and the drift 
layer through a gate insulating film; a second impurity region 
having the first or second conductivity type, contacting the 
drift layer, having an impurity concentration higher than the 
drift layer, and separated from the base region; an element 
side first electrode electrically coupled with the element-side 
first impurity region and the base region; and an element-side 
second electrode electrically coupled with the second impu 
rity region. The semiconductor Switching element provides 
an inversion channel in a portion of the base region opposite 
to the element-side gate electrode via the gate insulating film 
therebetween. The semiconductor switching element pro 
vides a current flowing between the element-side first elec 
trode and the element-side second electrode through the 
channel. The free wheel diode includes: a first conductivity 
type layer, a second conductivity type layer arranged on the 
first conductivity type layer; a diode-side first electrode 
coupled to the second conductivity type layer; and a diode 
side second electrode coupled to the first conductivity type 
layer. The free wheel diode provides a p-n junction including 
the first conductivity type layer and the second conductivity 
type layer. The free wheel diode provides a current flowing 
between the diode-side first electrode and the diode-side sec 
ond electrode. The semiconductor switching element and the 
free wheel diode are coupled in parallel with each other. The 
free wheel diode further includes: a diode-side first impurity 
region having the first conductivity type, arranged in a Surface 
part of the second conductivity type layer, and having an 
impurity concentration higher than the first conductivity type 
layer; and a diode-side gate electrode arranged in the second 
conductivity type layer sandwiched between the first impu 
rity region and the first conductivity type layer through a gate 
insulating film. The diode-side gate electrode includes a first 
gate electrode. The first gate electrode provides an excess 
carrier injection Suppression gate. When a gate Voltage is 
applied to the diode-side gate electrode, the first gate elec 
trode provides the channel in a part of the second conductivity 
type layer. The part of the second conductivity type layer is 
arranged between the diode-side first impurity region and a 
predetermined position, which is disposed between the 
diode-side first impurity region and the first conductivity type 
layer. 
The above semiconductor device includes the first gate 

electrode and can be used as an excess carrier injection Sup 
pression gate by forming a channel in the following portion of 
the second conductivity type layer when gate Voltage is 
applied: a portion extended from the first impurity region side 
to an intermediate position on the way to the first conductivity 
type layer located on the opposite side to the first impurity 
region with the second conductivity type layer in between. 
This makes it possible to implement the following: the injec 
tion of excess carriers is suppressed when a time of keeping 
the FWD in diode operation is changed to a time of turning on 
the semiconductor Switching element to reduce the excess 
carriers existing in the second conductivity type layer and 
recovery loss is reduced. In addition, it is possible to apply 
gate Voltage only to the first gate electrode to form an inver 
sion layer and not to apply any Voltage to the second gate 
electrode and thereby reduce recovery loss. Even though gate 
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Voltage due to noise is applied to the second gate electrode, 
therefore, a threshold value at which the semiconductor 
Switching element is turned on is less prone to be exceeded. 
Therefore, a semiconductor device with such a structure that 
self turn-on due to noise is less prone to occur can be obtained. 

According to a second aspect of the present disclosure, a 
control method for the semiconductor device of the first 
aspect includes: Switching from a diode operation state of the 
free wheel diode to an on-state of the semiconductor switch 
ing element; and before the semiconductor Switching element 
turns on in the Switching, applying a gate Voltage to the first 
gate electrode in order to generate an inversion layer in a 
portion of the second conductivity type layer opposed to the 
first gate electrode via the gate insulating film. 

In the above control method for the semiconductor device, 
the injection of excess carriers is Suppressed when a time of 
keeping the FWD in diode operation is switched to a time of 
turning on the semiconductor Switching element. This makes 
it possible to reduce excess carriers existing in the second 
conductivity type layer and reduce recovery loss. In addition, 
it is possible to apply gate Voltage only to the first gate 
electrode to form an inversion layer and not to apply any 
Voltage to the second gate electrode and reduce recovery loss. 
For this reason, even though gate Voltage due to noise is 
applied to the second gate electrode, a threshold value at 
which the semiconductor Switching element is turned on is 
less prone to be exceeded. Therefore, a semiconductor device 
with Such a structure that self turn-on due to noise is less 
prone to occur can be obtained. 

According to a third aspect of the present disclosure, a 
semiconductor device includes: a first conductivity type 
semiconductor layer; a drift layer having the first conductivity 
type, arranged on the semiconductor layer, and having an 
impurity concentration lower than the semiconductor layer, a 
base region having a second conductivity type, arranged on 
the drift layer opposite to the semiconductor layer; a first 
conductivity type impurity region arranged on the base 
region, and having an impurity concentration higher than the 
drift layer, a second conductivity type impurity layer 
arranged at a position deeper than the base region, and con 
tacting the base region; a trench arranged on a Surface of the 
base region, wherein the trench extends in a longitudinal 
direction, and the first conductivity type impurity region and 
the base region are arranged on both sides of the trench; a gate 
insulating film arranged on a Surface of the trench; a gate 
electrode arranged in the trench through the gate insulating 
film; a front surface electrode electrically coupled to the first 
conductivity type impurity region and the base region; and a 
back Surface electrode arranged on a back Surface of the first 
conductivity type semiconductor layer opposite to the drift 
layer. When a Voltage is applied to the gate electrode, an 
inversion layer is generated in a Surface portion of the base 
region located on a side of the trench. A current flows between 
the front surface electrode and the back surface electrode 
through the first conductivity type impurity region, the inver 
sion layer, and the drift layer so that an inverting vertical 
semiconductor Switching element is provided. A p-n junction 
is provided between the base region and the drift layer so that 
a free wheel diode having a diode operation is provided. The 
semiconductor switching element and the free wheel diode 
are arranged in one chip. The trench includes a first trench and 
a second trench. The first trench is deeper than the base region 
and reaches the drift layer. The second trench has a same 
depth as the first trench, reaches the second conductivity type 
impurity layer and is shallower than a bottom portion of the 
second conductivity type impurity layer. The gate electrode 
includes a driving gate electrode for driving the vertical semi 
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conductor Switching element and a diode gate electrode for 
generating an inversion layer in the base region at a position 
where the free wheel diode is arranged. The driving gate 
electrode is arranged in the first trench. The diodegate elec 
trode is arranged in the second trench. 

In the above semiconductor device, the following gate 
electrodes are formed using the first and second trenches 
identical in depth: the driving gate electrode for driving the 
Vertical semiconductor Switching element and the diodegate 
electrode for forming an inversion layer on the FWD side. The 
diodegate electrode is formed in a region where the impurity 
layer of second conductivity type is formed and is so struc 
tured that the second trench in which the diode gate electrode 
is placed is not extended to the drift layer. Use of a semicon 
ductor device with this structure makes it possible to reduce 
carrier injection efficiency. Therefore, it is possible to achieve 
both back flow loss reduction and recovery loss reduction 
without need for trench gates different in depth. 

According to a fourth aspect of the present disclosure, a 
control method for an apparatus including two semiconductor 
devices of the third aspect, which are connected in series with 
each other, and an inductive load connected at a junction point 
between the two semiconductor devices, includes: Switching 
the vertical semiconductor Switching element in one of the 
semiconductor devices arranged on a high side from an off 
state to an on state, and Switching the free wheel diode in the 
other semiconductor device arranged on a low side from an on 
state to an off state; and, before the vertical semiconductor 
Switching element in the one of semiconductor devices on the 
high side is switched from the off state to the on state, apply 
ing a gate Voltage to the diode gate electrode in the other 
semiconductor device on the low side in order to generate an 
inversion layer in the base region located on the side of the 
second trench, in which the diodegate electrode is arranged. 

According to this control method for the device, the carrier 
injection efficiency can be reduced. Therefore, it is possible to 
achieve both back flow loss reduction and recover loss reduc 
tion without need for trench gates different in depth. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and advantages of the 
present disclosure will become more apparent from the fol 
lowing detailed description made with reference to the 
accompanying drawings. In the drawings: 

FIG. 1 is a diagram showing a cross sectional view of a 
Semiconductor device in which a vertical MOSFET and FWD 
are formed in a first embodiment; 

FIG. 2A is a diagram showing an explanatory drawing of 
the operation of the semiconductor device illustrated in FIG. 
1; 

FIG. 2B is a diagram showing an explanatory drawing of 
the operation of the semiconductor device illustrated in FIG. 
1; 

FIG. 2C is a diagram showing an explanatory drawing of 
the operation of the semiconductor device illustrated in FIG. 
1; 

FIG. 3A is a diagram showing an explanatory drawing of 
the operation of the semiconductor device, following FIG. 
2C: 

FIG. 3B a diagram showing an explanatory drawing of the 
operation of the semiconductor device, following FIG. 3A; 

FIG. 4 is a diagram showing a timing chart of the semicon 
ductor device illustrated in FIG. 1 in operation; 

FIG. 5 is a diagram showing a schematic perspective view 
of the trench gate structure of the semiconductor device illus 
trated in FIG. 1; 
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6 
FIG. 6 is a diagram showing a cross sectional view of a 

Semiconductor device in which a vertical MOSFET and FWD 
are formed in a second embodiment; 

FIG. 7 is a diagram showing a cross sectional view of a 
Semiconductor device in which a vertical MOSFET and FWD 
are formed in a third embodiment; 

FIG. 8A is a diagram showing a cross sectional view illus 
trating the process of formation of the trench gate structure of 
the semiconductor device illustrated in FIG. 7; 
FIG.8B is a diagram showing a cross sectional view illus 

trating the process of formation of the trench gate structure of 
the semiconductor device illustrated in FIG. 7; 

FIG. 8C is a diagram showing a cross sectional view illus 
trating the process of formation of the trench gate structure of 
the semiconductor device illustrated in FIG. 7; 
FIG.8D is a diagram showing a cross sectional view illus 

trating the process of formation of the trench gate structure of 
the semiconductor device illustrated in FIG. 7; 

FIG. 9 is a diagram showing a cross sectional view of a 
Semiconductor device in which a vertical MOSFET and FWD 
are formed in a fourth embodiment; 

FIG. 10A is a diagram showing a layout chart illustrating a 
semiconductor device having a horizontal MOSFET with a 
trench gate structure and FWD in a fifth embodiment; 

FIG.10B is a diagram showing a cross sectional view taken 
along line XB-XB of FIG. 10A: 

FIG. 11A is a diagram showing a layout chart illustrating a 
semiconductor device having a horizontal MOSFET with a 
trench gate structure and FWD in a sixth embodiment; 

FIG. 11B is a diagram showing a cross sectional view taken 
along line XIB-XIB of FIG. 11A: 
FIG.11C is a diagram showing a cross sectional view taken 

along line XIC-XIC of FIG. 11A: 
FIG. 12 is a diagram showing a cross sectional view of a 

vertical IGBT with a trench gate structure and FWD in a 
seventh embodiment; 

FIG. 13 is a diagram showing a cross sectional view of a 
vertical IGBT with a trench gate structure and FWD in an 
eighth embodiment; 

FIG. 14A is a diagram showing a layout chart illustrating a 
semiconductor device having a horizontal IGBT with a trench 
gate structure and FWD in a ninth embodiment; 

FIG. 14B is a diagram showing a cross sectional view taken 
along line XIVB-XIVB of FIG. 14A: 

FIG. 14C is a diagram showing a cross sectional view taken 
along line XIVC-XIVC of FIG. 14A: 

FIG. 15A is a diagram showing a layout chart illustrating a 
semiconductor device having a horizontal IGBT with a trench 
gate structure and FWD in a 10th embodiment; 
FIG.15B is a diagram showing a cross sectional view taken 

along line XVB-XVB of FIG. 15A: 
FIG.15C is a diagram showing a cross sectional view taken 

along line XVC-XVC of FIG. 15A: 
FIG. 16 is a diagram showing a cross sectional view of a 

semiconductor device having a planar vertical MOSFET and 
FWD in an 11th embodiment: 

FIG. 17 is a diagram showing a drawing illustrating a 
semiconductor device having a planar vertical MOSFET and 
FWD in a 12th embodiment; 

FIG. 18A is a diagram showing a layout chart illustrating a 
semiconductor device having a planar horizontal MOSFET 
and FWD in a 13th embodiment; 

FIG. 18B is a diagram showing a cross sectional view taken 
along line XVIIIB-XVIIIB of FIG. 18A: 

FIG. 19A is a diagram showing a layout chart illustrating a 
semiconductor device having a planar horizontal MOSFET 
and FWD in a 14th embodiment; 
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FIG. 19B is a diagram showing a cross sectional view taken 
along line XIXB-XIXB of FIG. 19A: 

FIG. 19C is a diagram showing a cross sectional view taken 
along line XIXC-XIXC of FIG. 19A: 

FIG. 20 is a diagram showing a cross sectional view of a 
semiconductor device having a vertical MOSFET with a 
trench gate structure and FWD in a 15th embodiment; 

FIG. 21 is a diagram showing a cross sectional view of a 
semiconductor device having a vertical MOSFET with a 
trench gate structure and FWD in a 16th embodiment; 

FIG. 22 is a diagram showing a cross sectional view of a 
semiconductor device having a vertical MOSFET with a 
trench gate structure and FWD in a modification to the 16th 
embodiment; 

FIG.23 is a diagram showing a schematic perspective view 
of the trench gate structure of a semiconductor device in 
another embodiment corresponding to FIG. 1; 

FIG. 24 is a diagram showing a perspective view illustrat 
ing an example of the layout of a semiconductor device in 
another embodiment corresponding to FIG. 1; 

FIG.25 is a diagram showing a schematic perspective view 
of the trench gate structure of a semiconductor device in 
another embodiment corresponding to FIG. 6; 

FIG. 26 is a diagram showing a perspective view illustrat 
ing an example of the layout of a semiconductor device in 
another embodiment corresponding to FIG. 6; 

FIG. 27A is a diagram showing a perspective layout chart 
of a semiconductor device in another embodiment; 

FIG. 27B is a diagram showing a perspective layout chart 
of a semiconductor device in another embodiment; 

FIG. 27C is a diagram showing a perspective layout chart 
of a semiconductor device in another embodiment; 

FIG. 28 is a diagram showing a cross sectional view of a 
semiconductor device with a Superjunction structure applied 
to a vertical MOSFET in another embodiment; 

FIG. 29 is a diagram showing a schematic cross sectional 
view obtained when a vertical IGBT with a trench structure 
and FWD are formed in different chips in another embodi 
ment, 

FIG. 30 is a diagram showing a cross sectional view 
obtained when a vertical MOSFET with a trench structure and 
FWD are formed in different chips in another embodiment; 

FIG. 31 is a diagram showing a schematic cross sectional 
view obtained when a vertical IGBT with a trench structure 
and FWD are formed in different chips in another embodi 
ment, 

FIG. 32 is a diagram showing a cross sectional view 
obtained when a vertical MOSFET with a trench structure and 
FWD are formed in different chips in another embodiment; 

FIG. 33 is a diagram showing a cross sectional view of a 
semiconductor device 100 in a 17th embodiment; 

FIG. 34 is a diagram showing a top layout chart of the 
semiconductor device 100 illustrated in FIG. 33: 

FIG. 35 is a diagram showing a conceptual drawing of the 
wire drawing structure of the semiconductor device 100 illus 
trated in FIG. 33: 

FIG. 36 is a diagram showing a circuit diagram illustrating 
an example of an inverter circuit to which the semiconductor 
device 100 illustrated in FIG.33 is applied: 

FIG. 37 is a diagram showing a timing chart indicating the 
operation of the semiconductor device 100 in an inverter 
circuit; 
FIG.38A is a diagram showing an explanatory drawing of 

the operation of an inverter circuit; 
FIG. 38B is a diagram showing a cross sectional view 

illustrating the state in the semiconductor device 100 at the 
time of FIG. 38A: 
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FIG.38C is a diagram showing an explanatory drawing of 

the operation of an inverter circuit; 
FIG. 38D is a diagram showing a cross sectional view 

illustrating the state in the semiconductor device 100 at the 
time of FIG. 38C, 
FIG.38E is a diagram showing an explanatory drawing of 

the operation of an inverter circuit; 
FIG. 38F is a diagram showing a cross sectional view 

illustrating the state in the semiconductor device 100 at the 
time of FIG. 38E: 

FIG. 39 is a diagram showing a cross sectional view of a 
Semiconductor device with a vertical MOSFET and FWD 
formed therein in an 18th embodiment; 

FIG. 40 is a diagram showing a cross sectional view of a 
Semiconductor device with a vertical MOSFET and FWD 
formed therein in a 19th embodiment; 

FIG. 41 is a diagram showing a cross sectional view of a 
semiconductor device with a vertical IGBT and FWD formed 
therein in a 20th embodiment; and 

FIG. 42 is a diagram showing a drawing illustrating an 
example of the top layout of the semiconductor device 100 
described in relation to another embodiment. 

DETAILED DESCRIPTION 

First Embodiment 

Description will be given to an embodiment of the disclo 
Sure. In the description of this embodiment, a semiconductor 
device in which an n-channel vertical MOSFET and FWD are 
formed in a cell region will be taken as an example. FIG. 1 is 
a sectional view of a semiconductor device in this embodi 
ment. Hereafter, description will be given to the structure of 
the semiconductor device in this embodiment with reference 
to this drawing. 
The semiconductor device illustrated in FIG. 1 is so struc 

tured that it includes a cell region where a vertical MOSFET 
and FWD are formed and a peripheral region, surrounding the 
cell region, where a peripheral high-breakdown Voltage struc 
ture is formed. FIG. 1 shows only the cell region. The struc 
ture of the regions other than the cell region of the semicon 
ductor device is the same as conventional and only the cell 
region will be described here. 
The semiconductor device is formed using a n-type semi 

conductor Substrate 1 formed of a semiconductor material 
Such as silicon high in impurity concentration. The following 
are formed over the surface of the n-type semiconductor 
substrate 1 in the following order: an n-type drift layer 2 
lowerin impurity concentration than then'-type semiconduc 
tor Substrate 1 and a p-type base region 3 whose impurity 
concentration is set relatively low. 

In the Surface part of the p-type base region 3, a n-type 
impurity region 4 equivalent to a source region higher in 
impurity concentration than the n-type drift layer 2 is pro 
vided; and in addition, a p-type contact region 5 higher in 
impurity concentration than the p-type base region 3 is 
formed. A trench 6 that penetrates the n-type impurity region 
4 and the p-type base region 3 and is extended from the 
surface side of the substrate to the n-type drift layer 2 is 
formed. A gate insulating film 7 is so formed as to cover the 
inner wall surface of the trench 6 and a gate electrode 8 
formed of doped Poly-Si is formed over the surface of the gate 
insulating film 7. The trench gate structure comprised of the 
trench 6, gate insulating film 7, and gate electrode 8 are laid 
out in Stripes; that is, for example, multiple trenches 6 are 
arranged in the direction perpendicular to the plane of the 
drawing. 
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An interlayer insulating film (not shown) comprised of an 
oxide film or the like is so formed as to cover the gate elec 
trode 8 and a first electrode 9 equivalent to a source electrode 
is formed over this interlayer insulating film. The first elec 
trode 9 is electrically coupled to the n-type impurity region 
4 and the p-type contact region 5 through a contact hole 
formed in the interlayer insulating film. The drawing shows 
only the portion of the first electrode 9 located in the contact 
hole; however, in actuality, the first electrode 9 is formed also 
over the interlayer insulating film, not shown. 
A second electrode 10 equivalent to a drain electrode is 

formed over the surface of the n-type semiconductor sub 
strate 1 on the opposite side to the n-type drift layer 2. This 
configuration forms the basic structure of the vertical MOS 
FET FIG. 1 shows only vertical MOSFETs equivalent to two 
cells; however, in actuality, multiple cells of the vertical 
power MOSFETs illustrated in FIG. 1 are congregated to 
form a cell region. 

In the vertical MOSFET having this basic structure of the 
semiconductor device in this embodiment, the gate electrode 
8 is provided with a double gate structure. Specifically, the 
gate electrode 8 includes the following electrodes: a first gate 
electrode 8a placed on the upper side of the trench 6 and a 
second gate electrode 8b placed under the first gate electrode 
8a, that is, on the bottom side of the trench 6. The first gate 
electrode 8a functions as an excess carrier injection excess 
carrier injection suppression gate and a MOSFET driving 
gate and the second gate electrode 8b functions as a MOSFET 
driving gate together with the first gate electrode 8a. 
The first gate electrode 8a is so formed that it is extended 

upward from a depth equivalent to the intermediate position 
in the p-type base region3. The second gate electrode 8b is so 
formed that it is extended from the depth equivalent to the 
intermediation position in the p-type base region 3 to the 
depth at which it reaches the n-type drift layer 2. The first 
gate electrode 8a and the second gate electrode 8b are insu 
lated and separated from each other by an insulating film 11 
comprised of an oxide film or the like placed therebetween 
and their voltages can be independently controlled. More 
specific description will be given. As illustrated in the draw 
ing, the first and second gate electrodes 8a, 8b are electrically 
coupled with external sources through different gate wirings 
and Voltages applied thereto can be independently controlled. 
In the drawing, the first gate electrode 8a and the gate wiring 
leading thereto are notated as “A.” and the second gate elec 
trode 8b and the gate wiring leading thereto are notated as 
“B” Description will be given to the states of the first and 
second gate electrodes 8a, 8b based on the notations of 'A' 
and “B. 

With this structure, a semiconductor device having a ver 
tical MOSFET and FWD is formed. The vertical MOSFET 
forms an inversion layer in the p-type base region 3 located 
along the side of the trench 6 and thereby passes a current 
between source and drain through the n-type impurity region 
4, n-type drift layer 2, and n-type semiconductor Substrate 
1 equivalent to a drain region. The FWD utilizes a p-n junc 
tion formed between the p-type base region 3 and the n-type 
drift layer 2. 

Subsequently, description will be given to the semiconduc 
tor device having the vertical MOSFET and the FWD con 
figured as mentioned above. 
When the first electrode 9 is grounded and positive voltage 

is applied to the second electrode 10, the p-n junction formed 
between the p-type base region 3 and the n-type drift layer 2 
is brought into an inverse Voltage state. For this reason, when 
Voltage is not applied to the first or second gate electrode 8a. 
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10 
8b and they are off, a depletion layer is formed at the p-n 
junction and the current between source and drain is inter 
rupted. 
To turn on the vertical MOSFET, the first electrode 9 is 

grounded and positive Voltage is applied to both the first and 
second gate electrodes 8a, 8b to turn them on with positive 
voltage applied to the second electrode 10. Thus an inversion 
layer is formed in the portion of the p-type base region 3 in 
contact with the trench 6 in proximity to the first and second 
gate electrodes 8a, 8b and a current is passed between Source 
and drain. 
To turn off the vertical MOSFET and cause the FWD to 

perform diode operation, the following procedure is taken: 
voltages applied to the first electrode 9 and the second elec 
trode 10 are switched and positive voltage is applied to the 
first electrode 9 and the second electrode 10 is grounded; and 
further Voltage application to the first and second gate elec 
trodes 8a, 8b is stopped to turn them off. As a result, an 
inversion layer is not formed in the p-type base region 3 and 
the FWD formed between source and drain performs diode 
operation. 
As mentioned above, the time of turning on the vertical 

MOSFET and the time of turning off the vertical MOSFET 
and causing the FWD to perform diode operation are 
Switched. Thus direct current-alternating current conversion 
can be carried out by an inverter using the semiconductor 
device in this embodiment. 
When this operation is performed, control for reducing 

recovery loss is carried out during a period from when the 
vertical MOSFET is off and the FWD is in diode operation to 
immediately before the vertical MOSFET is switched on. 
Description will be given to this control method with refer 
ence to the schematic diagrams indicating the operation of the 
Semiconductor device in FIGS 2A to 2C and FIGS. 3A to 3B 
and the timing chart of this operation in FIG. 4. 

FIG. 2A illustrates a State in which the vertical MOSFET is 
off and the FWD is kept in diode operation. This state is 
represented as time T1 in FIG. 4 and the FWD using the p-n 
junction formed between the p-type base region 3 and the 
n-type drift layer 2 is formed between source and drain. 
Therefore, when positive voltage is applied to the first elec 
trode 9 and negative voltage is applied to the second electrode 
10, the FWD is turned on and excess carriers are injected into 
the p-n junction portion. At this time, gate Voltage is not 
applied to the first or second gate electrode 8a, 8b and they are 
off. When the control illustrated in FIG. 2B is carried out in 
this state, the following operation is carried out: 
At the initial stage of time T2 in FIG. 4, as illustrated in 

FIG. 2B, the second gate electrode 8b is kept off and positive 
voltage is applied to the first gate electrode 8a to turn on the 
first gate electrode 8a. As a result, electrons as minority 
carriers in the p-type base region 3 are attracted to the vicinity 
of the first gate electrode 8a and an inversion layer 12 is 
formed on the side surface of the trench 6 in a place corre 
sponding to the first gate electrode 8a. 

In the latter half of time T2 in FIG. 4, the minority carriers 
in the p-type base region 3 have been reduced; and thus holes 
as majority carriers in the p-type base region 3 are also 
reduced as illustrated in FIG.2C because of the charge neutral 
condition. Therefore, the resistance component of the p-type 
base region 3 becomes higher than before and the injection 
efficiency is reduced. As a result, Vf of the FWD is also 
increased and excess carrier injection is suppressed or the 
majority carriers in the inversion layer 12 are recombined 
with the majority carriers in the p-type base region 3. 

Since excess carrier injection was Suppressed, Subse 
quently, the following takes place as illustrated in FIG.3A: a 



US 8,890,252 B2 
11 

large quantity of excess carriers originally injected into the 
n-type drift layer 2 and remaining there cannot exist any 
more because of the life time and are annihilated. More spe 
cific description will be given. When ordinary diode opera 
tion is performed as conventional, a large quantity of the 
excess carriers in the n-type drift layer 2 is injected and the 
excess carriers are not reduced. Excess carriers can be 
reduced by Suppressing excess carrier injection. 
When the excess carriers in the n-type drift layer 2 have 

been reduced as mentioned above, Voltages applied to the first 
electrode 9 and the second electrode 10 are switched as illus 
trated in FIG. 3B. That is, inverse voltage application is car 
ried out to apply negative voltage to the first electrode 9 and 
positive voltage to the second electrode 10. As a result, recov 
ery operation is carried out during time T3 in FIG. 4 and 
reverse recovered charge Qrr is produced. Since the excess 
carriers in the n-type drift layer 2 are Small in quantity, 
however, the following can be implemented: it is possible to 
make the value of reverse recovered charge Qrra sufficiently 
Smaller value than in cases where only the first gate electrode 
8a is turned on and excess carrier injection is not suppressed. 
When positive voltage is applied to both the first and second 
gate electrodes 8a, 8b to turn them on, the following can be 
implemented during time T4 in FIG. 4: an inversion layer is 
formed in the portion of the p-type base region 3 in contact 
with the trench 6 in the vicinity of the first and second gate 
electrodes 8a, 8b; and a current is passed between source and 
drain and the vertical MOSFET is turned on. 

In this embodiment, as described up to this point, the gate 
electrode 8 is provided with a double gate structure and 
includes the first and second gate electrodes 8a, 8b different in 
depth. For this reason, the following can be implemented by 
turning on only the first gate electrode 8a of the first and 
second gate electrodes 8a, 8b: the inversion layer 12 is formed 
in the p-type base region 3 but the inversion layer 12 is 
prevented to be formed to the depth at which the n-type drift 
layer 2 and the n-type impurity region 4 are joined with each 
other. For this reason, the first gate electrode 8a can be caused 
to function as an excess carrier injection excess carrier injec 
tion Suppression gate. 

Specifically, when the time of keeping the FWD in diode 
operation is changed to the time of turning on the Vertical 
MOSFET, control is carried out so as to turn on only the first 
gate electrode 8a. Thus the following can be implemented 
when the timing of keeping the FWD in diode operation is 
changed to the time of turning on the vertical MOSFET: the 
injection of excess carriers is suppressed to reduce the excess 
carriers existing in the n-type drift layer 2 and recovery loss 
is reduced. 

According to the semiconductor device with this structure, 
it is possible to apply positive Voltage only to the first gate 
electrode 8a to form an inversion layer and reduce recovery 
loss without applying any Voltage to the second gate electrode 
8b. Therefore, even though gate Voltage due to noise is 
applied to the second gate electrode 8b, the threshold value at 
which the vertical MOSFET is turned on is less prone to be 
exceeded. Therefore, a semiconductor device with such a 
structure that self turn-on due to noise is less prone to occur 
can be obtained. 
The manufacturing method for the semiconductor device 

formed as mentioned above is basically substantially the 
same as in conventional cases where the gate electrode 8 is 
provided with a single layer structure. To manufacture the 
above semiconductor device, steps only have to be changed so 
as to form the double gate structure. 

Specifically, after the formation of the trench 6, the gate 
insulating film 7 is formed by thermal oxidation or the like 
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and then a film of doped Poly-Si is formed. The gate electrode 
8 is thereby formed so that the trench 6 is filled. At this time, 
the doped Poly-Si is etched back to a level deeper than the 
upper part of the p-type base region 3. Thereafter, the insu 
lating film 11 is formed by thermal oxidation or the like and 
then a film of doped Poly-Si is formed again to fill the trench 
6. Then the doped Poly-Si is etched back so that it is left up to 
a position higher than the upper part of the p-type base region 
3. The double gate structure can be configured as mentioned 
above. 

In the double gate structure as in this embodiment, gate 
wirings are separately drawn from the first gate electrode 8a 
and the second gate electrode 8b. For this reason, the follow 
ing measure can be taken as illustrated in, for example, the 
schematic perspective view of the trench gate structure in 
FIG. 5: the second gate electrode 8b is formed to the surface 
of the substrate at some midpoint (for example, the middle 
position) in the direction of the length of the trench 6; and a 
gate wiring is drawn in this position or a pad is formed in this 
position. To partly form the second gate electrode 8b up to the 
Surface of the Substrate, an etching mask only has to be placed 
there during etch back. 

Second Embodiment 

Description will be given to the second embodiment of the 
disclosure. The semiconductor device in this embodiment is 
obtained by modifying the configuration of the trench gate 
structure in the first embodiment. The other respects are the 
same as those in the first embodiment and description will be 
given only to a difference from the first embodiment. 

FIG. 6 is a sectional view of a semiconductor device with a 
vertical MOSFET and FWD formed therein in this embodi 
ment. Description will be given to the semiconductor device 
in this embodiment with reference to this drawing. 

In this embodiment, as illustrated in FIG. 6, the gate elec 
trode 8 is comprised of first and second gate electrodes 8c. 8d 
different in depth in different positions obtained by changing 
the depths of trenches 6 within a cell. The first gate electrode 
8c functions as an excess carrier injection Suppression gate 
and shallower than the second gate electrode 8d and its depth 
does not reach the n-type drift layer 2. The second gate 
electrode 8d functions as a MOSFET driving gate and its 
depth reaches the n-type drift layer 2. 

Even when the gate electrode 8 is comprised of the first and 
second gate electrodes 8c. 8d formed in different positions 
with their depths made different from each other, the same 
effect as in the first embodiment can be obtained by taking the 
following measure: the first gate electrode 8c is caused to 
operate like the first gate electrode 8a described in relation to 
the first embodiment; and further the second gate electrode 8d 
is caused to operate like the second gate electrode 8b 
described in relation to the first embodiment. 
The semiconductor device with such a structure as in this 

embodiment is basically formed by the same technique as the 
manufacturing method for conventional semiconductor 
devices having a vertical MOSFET with a trench gate struc 
ture. However, since the trenches 6 in which the first gate 
electrode 8c and the second gate electrode 8d are placed are 
different in depth, different etching masks are used to from 
them. The other steps are the same as those in the manufac 
turing method for conventional semiconductor devices hav 
ing a vertical MOSFET with a trench gate structure. 

Third Embodiment 

Description will be given to the third embodiment of the 
disclosure. The semiconductor device in this embodiment is 
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also obtained by modifying the configuration of the trench 
gate structure in the first embodiment. The other respects are 
the same as those in the first embodiment and description will 
be given only to a difference from the first embodiment. 

FIG. 7 is a sectional view of a semiconductor device with a 
vertical MOSFET and FWD formed therein in this embodi 
ment. Description will be given to the semiconductor device 
in this embodiment with reference to this drawing. 

In this embodiment, as illustrated in FIG. 7, the gate elec 
trodes 8 are all identical in depth. However, a first gate elec 
trode 8e that functions as an excess carrier injection Suppres 
sion gate and a second gate electrode 8f that functions as a 
MOSFET driving gate are configured by modifying the con 
figuration of the vicinity of a gate electrode 8. 

Specifically, the thickness of the gate insulating film 7 
formed around the first gate electrode 8e is changed and the 
following portion (first portion) 7a of the gate insulating film 
7 is made thicker than the portion (second portion) 7b shal 
lower than the first portion: a portion located below the upper 
part of the p-type base region 3 and above the n-type drift 
layer 2 and deeper than an intermediate position a predeter 
mined distance away from the upper part of the p-type base 
region 3. That is, the following is implemented by changing 
the thickness of the gate insulating film 7: the thicker portion 
7a is made higher than the thinner portion 7b in threshold 
value at which the vertical MOSFET can be turned on by the 
formation of an inversion layer. 
As a result, the following can be implemented when posi 

tive voltage is applied to the first gate electrode 8e: an inver 
sion layer is formed in the thinner portion 7b of the gate 
insulating film 7 and an inversion layer is not formed in the 
thicker portion 7a. That is, it is possible to form only an 
inversion layer whose depth does not reach the n-type drift 
layer 2 around the first gate electrode 8e. Therefore, even in 
the semiconductor device with Such a structure as in this 
embodiment, the same effect as in the first embodiment can be 
obtained by taking the following measure: the first gate elec 
trode 8e is caused to operate like the first gate electrode 8a 
described in relation to the first embodiment; and further the 
second gate electrode 8f is caused to operate like the second 
gate electrode 8b described in relation to the first embodi 
ment. 
The semiconductor device with such a structure as in this 

embodiment is also basically formed by the same technique 
as the manufacturing method for conventional semiconductor 
devices having a vertical MOSFET with a trench gate struc 
ture. However, a step of forming a damage layer at the bottom 
portion of the trench 6 where the first gate electrode 8e is to be 
formed is carried out before the formation of the gate insu 
lating film 7. FIGS. 8A to 8D are sectional views illustrating 
this step. As illustrated in FIG. 8A, first, a mask, not shown, is 
placed over the Surface of the p-type base region3 and etching 
is carried out to form the trench 6. Subsequently, as illustrated 
in FIG. 8B, oxygen ions (O") or argon ions (Ar) are 
implanted in the bottom portion of the trench 6 where the first 
gate electrode 8e is to be formed. As a result, as illustrated in 
FIG. 8C, the damage layer 20 is formed in the bottom portion 
of the trench 6. Subsequently, as illustrated in FIG. 8D, the 
gate insulating film 7 is formed by thermal oxidation. Thus 
the oxidation rate becomes higher in the place with the dam 
age layer 20 formed therein than the other places and the gate 
insulating film 7 is so formed that it is thicker in the portion 7a 
on the bottom side of the trench 6 than in the portion 7b 
located thereabove. Thereafter, the same steps as conven 
tional are carried out and as a result, the semiconductor device 
in this embodiment can be manufactured. 
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FIGS. 8A to 8D illustrate a case where the trench 6 is 

formed before the n-type impurity region 4 and the p-type 
contact region 5 are formed in the Surface part of the p-type 
base region3. Instead, the trench 6 may be formed after these 
regions are formed. Ion implantation for the formation of the 
damage layer 20 need not be carried out after the formation of 
the trench 6 and may be carried out before the formation of the 
trench 6. 

Fourth Embodiment 

Description will be given to the fourth embodiment of the 
disclosure. The semiconductor device in this embodiment is 
also obtained by modifying the configuration of the trench 
gate structure in the first embodiment. The other respects are 
the same as those in the first embodiment and description will 
be given only to a difference from the first embodiment. 

FIG.9 is a sectional view of a semiconductor device with a 
vertical MOSFET and FWD formed therein in this embodi 
ment. Description will be given to the semiconductor device 
in this embodiment with reference to this drawing. 

Also in this embodiment, as illustrated in FIG. 9, the gate 
electrodes 8 are all identical in depth. However, a first gate 
electrode 8g that functions as an excess carrier injection Sup 
pression gate and a second gate electrode 8h that functions as 
a MOSFET driving gate are configured by modifying the 
configuration of the vicinity of a gate electrode 8. 

Specifically, this embodiment is so structured that the fol 
lowing is implemented: a p-type region (first region) 30 and 
a p-type region (second region) 31 different in impurity 
concentration are provided around the first gate electrode 8g 
in positions where they are in contact with the side surface of 
the trench 6. The p-type region 30 is formed in a portion 
located below the upper part of the p-type base region 3 and 
above the n-type drift layer 2; and the p"-type region 31 is so 
formed that the following is implemented: it is extended from 
a position deeper than the p-type region 30 and a predeter 
mined distance away from the upper part of the p-type base 
region3 to the depth where it reaches the n-type drift layer 2. 
Since the p-type region 30 and the pt-type region 31 different 
in impurity concentration are formed as mentioned above, the 
following is implemented: the threshold value at which an 
inversion layer is formed and the vertical MOSFET is turned 
on is higher in the p-type region 31 than in the p-type region 
3O. 
As the result, the following can be implemented when 

positive Voltage is applied to the first gate electrode 8g: an 
inversion layer is formed in the p-type region 30 and an 
inversion layer is not formed in the p"-type region 31. There 
fore, also in the semiconductor device with Such a structure as 
in this embodiment, the same effect as in the first embodiment 
can be obtained by taking the following measure: the first gate 
electrode 8g is caused to operate like the first gate electrode 
8a described in relation to the first embodiment; and further 
the second gate electrode 8h is caused to operate like the 
second gate electrode 8b described in relation to the first 
embodiment. 
The semiconductor device with such a structure as in this 

embodiment is also basically formed by the same technique 
as the manufacturing method for conventional semiconductor 
devices having a vertical MOSFET with a trench gate struc 
ture. However, a step of forming the p-type region 30 and the 
p"-type region 31 is carried out before the formation of the 
trench 6 where the first gate electrode 8e is to be formed. They 
can be formed by ion implantation and activation of p-type 
impurity using a maskin which the regions where the p-type 
region 30 and the p-type region 31 are to be formed are open. 
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The p-type region 30 and the p-type region 31 different in 
impurity concentration can beformed by taking the following 
measure: the dose amount and ion implantation energy of 
p-type impurity are made different between when the p-type 
region 30 is formed and when the p"-type region 31 is formed. 
The p-type region 30 only has to be lower in impurity 

concentration than the p-type region 30; therefore, the 
p-type base region 3 may be caused to directly functions as 
the p-type region 30. That is, the following measure may be 
taken: only the p"-type region 31 is formed and the portion of 
the p-type base region 3 positioned along the side of the 
trench 6 located above the p"-type region 31 is used as the 
p-type region30. The method for forming the p-type region 
30 is not limited to the ion implantation of p-type impurity. 
Instead, the p-type region 30 may beformed by ion-implant 
ing n-type impurity and reducing the carrier concentration of 
part of the p-type base region 3. 

Fifth Embodiment 

Description will be given to the fifth embodiment of the 
disclosure. The semiconductor device in this embodiment is 
obtained by applying the same structure as in the first embodi 
ment to a horizontal MOSFET with a trench gate structure. 
The other respects are the same as those in the first embodi 
ment and description will be given only to a difference from 
the first embodiment. 

FIGS. 10A and 10B illustrate a semiconductor device hav 
ing a horizontal MOSFET with a trench gate structure and 
FWD in this embodiment. FIG. 10A is a layout chart and FIG. 
10B is a sectional view taken along line XB-XB of FIG. 10A. 
Description will be given to the semiconductor device in this 
embodiment with reference to these drawings. 
As illustrated in FIGS. 10A and 10B, the semiconductor 

device in this embodiment is configured by forming various 
parts comprising the horizontal MOSFET with a trench gate 
structure and the FWD in predetermined regions in an n-type 
region 50 comprising an n-type drift layer. The n-type region 
50 may be comprised of an n-type substrate or may be com 
prised of an n-type well region or the like formed in the 
semiconductor Substrate. 
A p-type base region 51 having a predetermined depth is 

formed in a predetermined region in the Surface part of the 
n-type region 50. Further, a n-type impurity region 52 
equivalent to a source region and a p"-type contact region 53 
shallower than the p-type base region 51 are formed in pre 
determined regions in the p-type base region 51. The p-type 
base region 51, n-type impurity region 52, and p-type con 
tact region 53 are extended with an identical direction taken 
as the direction of length. 
A trench 54 is formed in the surface parts of the n-type 

region 50 and the p-type base region 51 on the opposite side 
to the p-type contact region 53 with the n-type impurity 
region 52 in between. The trench 54 is so formed that it 
penetrates the p-type base region 51 and is extended from the 
n"-type impurity region 52 to the n-type region 50. A gate 
electrode 56 with a double gate structure, including a first gate 
electrode 56a and a second gate electrode 56b, is formed in 
the trench 54 through a gate insulating film 55. The first gate 
electrode 56a and the second gate electrode 56b are separated 
from each other by an insulating film 55a. The first gate 
electrode 56a functions as an excess carrier injection Suppres 
Siongate. It is so formed that it extended from a place where 
it is opposed to the n-type impurity region 52 with the gate 
insulating film 55 in between to a place where it is opposed to 
an intermediate position in the p-type base region 51. The 
second gate electrode 56b functions as a MOSFET driving 
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gate. It is so formed that it is extended from a place where it 
is opposed to an intermediate position in the p-type base 
region 51 with the gate insulating film 55 in between to a place 
where it is opposed to the n-type region 50. 

Further, a n-type impurity region 57 equivalent to a drain 
region is formed in the surface part of the n-type region 50 
away from the p-type base region 51, n-type impurity region 
52, and p-type contact region 53. The n-type impurity 
region 52 and the p-type contact region 53 are electrically 
coupled to a first electrode 58 equivalent to a source electrode 
and the n-type impurity region 57 is electrically coupled to a 
second electrode 59 equivalent to a drain electrode. Further, 
the first gate electrode 56a and the second gate electrode 56b 
are coupled to different gate wirings and Voltages applied 
thereto can be independently controlled. 
A semiconductor device with a horizontal MOSFET with a 

trench gate structure and FWD coupled in parallel is config 
ured with this structure. In this semiconductor device, the 
horizontal MOSFET with a trench gate structure performs the 
following operation by applying positive Voltage both to the 
first gate electrode 56a and to the second gate electrode 56b: 
a channel is formed in the p-type base region 51 located along 
the side of the gate electrode 56; and as a result, a current is 
passed between the first electrode 58 and the second electrode 
59 in the direction parallel to the substrate (horizontal direc 
tion). In the semiconductor device with this structure, the 
direction of passage of current is different from the direction 
perpendicular to the substrate (vertical direction) in the first 
embodiment; however, the other basic operations are the 
same as in the first embodiment. 
As described up to this point, the same structure as in the 

first embodiment can also be applied to a horizontal MOS 
FET with a trench gate structure. Even with this structure, the 
same effect as in the first embodiment can be obtained. 
The semiconductor device with such a structure as in this 

embodiment is basically formed by the same technique as the 
manufacturing method for conventional semiconductor 
devices having a horizontal MOSFET with a trench gate 
structure. However, the method for forming the first gate 
electrode 56a, second gate electrode 56b, and insulating film 
55a differs. For example, doped Poly-Si is patterned to simul 
taneously form the first and second gate electrodes 56a, 56b; 
and when they are thereafter covered with an interlayer insu 
lating film from above, it is caused to also get into between the 
first and second gate electrodes 56a, 56b to from the insulat 
ing film 55a. Thus the horizontal MOSFET with a trench gate 
structure illustrated in FIGS. 10A and 10B can be manufac 
tured. 

Sixth Embodiment 

Description will be given to the sixth embodiment of the 
disclosure. The semiconductor device in this embodiment is 
obtained by applying the same structure as in the second 
embodiment to such a horizontal MOSFET with a trench gate 
structure as described in relation to the fifth embodiment. The 
basic structure of the semiconductor device in this embodi 
ment is the same as that in the fifth embodiment and descrip 
tion will be given only to a difference from the fifth embodi 
ment. 

FIGS. 11A to 11C illustrate a semiconductor device having 
a horizontal MOSFET with a trench gate structure and FWD 
in this embodiment. FIG. 11A is a layout chart, FIG. 11B is a 
sectional view taken along line XIB-XIB of FIG. 11A, and 
FIG. 11C is a sectional view taken along line XIC-XIC of 
FIG. 11 A. Description will be given to the semiconductor 
device in this embodiment with reference to these drawings. 
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In the semiconductor device in this embodiment, as illus 
trated in FIGS. 11A to 11C, gate electrodes 56 are comprised 
of first and second gate electrodes 56c. 56d whose length is 
changed in different positions by changing the length of a 
trench 54 within a cell. The first gate electrode 56c functions 
as an excess carrier injection Suppression gate and is shorter 
in length than the second gate electrode 56d. It is extended 
from the n-type impurity region 52 toward the n-type impu 
rity region 57. However, its length is such that: it does not 
reach the n-type region 50; and it is extended from a place 
where it is opposed to the n-type impurity region 52 with the 
gate insulating film 55 in between and is terminated in a place 
where it is opposed to an intermediate position in the p-type 
base region 51. The second gate electrode 56d functions as a 
MOSFET driving gate. Its length is such that it is extended 
from a place where it is opposed to the n-type impurity 
region 52 with the gate insulating film 55 in between to a place 
where it is opposed to the n-type region 50. 

Also when the gate electrodes 56 are comprised of the first 
and second gate electrodes 56c. 56d formed in different posi 
tions with their length made different from each other, the 
same effect as in the fifth embodiment can be obtained by 
taking the following measure: the first gate electrode 56c is 
caused to operate like the first gate electrode 56a described in 
relation to the fifth embodiment; and further the second gate 
electrode 56d is caused to operate like the second gate elec 
trode 56b described in relation to the fifth embodiment. 

The semiconductor device with such a structure as in this 
embodiment is basically formed by the same technique as the 
manufacturing method for conventional semiconductor 
devices having a horizontal MOSFET with a trench gate 
structure. However, the lengths of the trenches 54 in which the 
first gate electrode 56c and the second gate electrode 56d are 
placed are made different from each other through mask 
pattern designing. The other steps are the same as those in the 
manufacturing method for conventional semiconductor 
devices having a horizontal MOSFET with a trench gate 
Structure. 

Seventh Embodiment 

Description will be given to the seventh embodiment of the 
disclosure. The semiconductor device in this embodiment is 
obtained by applying the same structure in the first embodi 
ment to a vertical IGBT, not to a vertical MOSFET. The basic 
structure of the semiconductor device in this embodiment is 
the same as that in the first embodiment and description will 
be given only to a difference from the first embodiment. 

FIG. 12 is a sectional view of a vertical IGBT with a trench 
gate structure and FWD in this embodiment. In this embodi 
ment, as illustrated in this drawing, the semiconductor Sub 
strate 1 is so structured that a n-type impurity region 1a and 
a p-type impurity region 1b are alternately formed, for 
example, in a stripe pattern. The n-type impurity regions 1 a 
and the p-type impurity regions 1b can be formed by a 
technique in which the semiconductor substrate 1 is formed 
of n-type and the p-type impurity regions 1b are formed by 
ion implantation or the like. Or, they can be formed by a 
technique in which the semiconductor substrate 1 is formed 
of p-type and the n-type impurity regions 1a are formed by 
ion implantation or the like. 

With this structure, the following can be implemented: the 
FWD is formed of a p-n junction of the n-type impurity 
region 1a and n-type drift layer 2 and the p-type base region 
3 and p-type contact region 5; and the vertical IGBT is 
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formed of the p-type impurity region 1b, n-type drift layer 
2. p-type base region 3, and n-type impurity region 4 and a 
trench gate structure. 

With the structure in which the vertical IGBT with a trench 
gate structure and the FWD are coupled in parallel, the fol 
lowing can be implemented as in the first embodiment: the 
gate electrode 8 is provided with a double gate structure and 
includes the first and second gate electrodes 8a, 8b; and the 
first gate electrode 8a is caused to function as an excess 
carrier injection Suppression gate and an IGBT driving gate 
and the second gate electrode 8b is caused to function as an 
IGBT driving gate together with the first gate electrode 8a. As 
a result, the same effect as in the first embodiment can be 
obtained. 

Eighth Embodiment 

Description will be given to the eighth embodiment of the 
disclosure. The semiconductor device in this embodiment is 
obtained by applying the same structure as in the second 
embodiment to a vertical IGBT, not to a vertical MOSFET. 
The basic structure of the semiconductor device in this 
embodiment is the same as that in the second embodiment and 
description will be given only to a difference from the second 
embodiment. 

FIG. 13 is a sectional view of a vertical IGBT with a trench 
gate structure and FWD in this embodiment. Also in this 
embodiment, as illustrated in this drawing, the semiconductor 
Substrate 1 is so structured that a n-type impurity region 1a 
and a p-type impurity region 1b are alternately formed, for 
example, in a stripe pattern as in the seventh embodiment. 

With this structure, the following can be implemented: the 
FWD is formed of a p-n junction of the n-type impurity 
region 1a and n-type drift layer 2 and the p-type base region 
3 and p-type contact region 5; and the vertical IGBT is 
formed of the p-type impurity region 1b, n-type drift layer 
2. p-type base region 3, and n-type impurity region 4 and a 
trench gate structure. 

With this structure in which the vertical IGBT with a trench 
gate structure and the FWD are coupled in parallel, the fol 
lowing can be implemented as in the second embodiment: the 
gate electrode 8 is provided with such a structure that it 
includes first and second gate electrodes 8c. 8d formed in 
different places with their depths made different from each 
other; the first gate electrode 8c is caused to functions as an 
excess carrier injection Suppression gate and the second gate 
electrode 8d is caused to function as a MOSFET driving gate. 
As a result, the same effect as in the second embodiment can 
be obtained. 

Ninth Embodiment 

Description will be given to the ninth embodiment of the 
disclosure. The semiconductor device in this embodiment is 
obtained by applying the same structure as in the fifth 
embodiment to a horizontal IGBT, not to a horizontal MOS 
FET. The basic structure of the semiconductor device in this 
embodiment is the same as that in the first embodiment and 
description will be given only to a difference from the first 
embodiment. 

FIGS. 14A to 14C illustrate a semiconductor device having 
a horizontal IGBT with a trench gate structure and FWD in 
this embodiment. FIG. 14A is a layout chart, FIG. 14B is a 
sectional view taken along line XIVB-XIVB of FIG. 14A, 
and FIG. 14C is a sectional view taken along line XIVC 
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XIVC of FIG. 14A. Description will be given to the semicon 
ductor device in this embodiment with reference to these 
drawings. 
As illustrated in FIGS. 14A to 14C, the semiconductor 

device in this embodiment is so structured that the following 
is implemented: the impurity region 57 is extended in the 
same direction as that of the n-type impurity region 52 and a 
n"-type first impurity region 57a and p-type second impurity 
region 57 b are alternately formed. 

With this structure, the following can be implemented: the 
FWD is formed of a p-n junction of the n-type first impurity 
region 57a and n-type region 50 and the p-type base region 51 
and p"-type contact region 53; and the horizontal IGBT is 
formed of the p-type second impurity region 57b, n-type 
region 50, p-type base region 51, and n-type impurity region 
52 and a trench gate structure. 

With this structure in which the horizontal IGBT with a 
trench gate structure and the FWD are coupled in parallel, the 
following can be implemented as in the fifth embodiment: the 
gate electrode 56 is provided with a double gate structure and 
includes first and second gate electrodes 56a, 56b; and the 
first gate electrode 56a is caused to function as an excess 
carrier injection Suppression gate and an IGBT driving gate 
and the second gate electrode 56b is caused to function as a 
MOSFET driving gate together with the first gate electrode 
56a. As a result, the same effect as in the fifth embodiment can 
be obtained. 

10th Embodiment 

Description will be given to the 10th embodiment of the 
disclosure. The semiconductor device in this embodiment is 
obtained by applying the same structure as in the sixth 
embodiment to such a horizontal IGBT with a trench gate 
structure as described in relation to the ninth embodiment. 
The basic structure of the semiconductor device in this 
embodiment is the same as that in the ninth embodiment and 
description will be given only to a difference from the ninth 
embodiment. 

FIGS. 15A to 15C illustrate a semiconductor device having 
a horizontal IGBT with a trench gate structure and FWD in 
this embodiment. FIG. 15A is a layout chart, FIG. 15B is a 
sectional view taken along line XVB-XVB of FIG. 15A, and 
FIG. 15C is a sectional view taken along line XVC-XVC of 
FIG. 15A. Description will be given to the semiconductor 
device in this embodiment with reference to these drawings. 

Also in the semiconductor device in this embodiment, as 
illustrated in FIGS. 15A to 15C, the following measure is 
taken: the impurity region 57 is extended in the same direc 
tion as that of the n-type impurity region52; and the impurity 
region 57 is so structured that a n-type first impurity region 
57a and a p-type second impurity region 57 b are alternately 
formed. In addition, the gate electrode 56 is comprised of first 
and second gate electrodes 56c. 56d whose lengths are 
changed in different positions by changing the lengths of 
trenches 54 within a cell. With this structure in which the 
horizontal IGBT with a trench gate structure and the FWD are 
coupled in parallel, the following can be implemented as in 
the sixth embodiment: the first gate electrode 56c is caused to 
function as an excess carrier injection Suppression gate and 
the second gate electrode 56d is caused to function as an 
IGBT driving gate. 
As mentioned above, a mode in which the gate electrode 56 

is comprised of the first and second gate electrodes 56c. 56d 
formed in different positions with their lengths made different 
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from each other can be applied to a horizontal IGBT with a 
trenchgate structure. As a result, the same effect as in the sixth 
embodiment can be obtained. 

11th Embodiment 

Description will be given to the 11th embodiment of the 
disclosure. The semiconductor device in this embodiment is 
obtained by applying the same structure as in the first embodi 
ment to a planar vertical MOSFET. The other respects are the 
same as those in the first embodiment and description will be 
given only to a difference from the first embodiment. 

FIG. 16 is a sectional view of a semiconductor device 
having a planar vertical MOSFET and FWD in this embodi 
ment. Description will be given to the semiconductor device 
in this embodiment with reference to this drawing. 
As illustrated in FIG.16, the n-type drift layer 2 is formed 

over the n-type semiconductor substrate 1 and the p-type 
base region 3 is formed in a predetermined region in the 
surface part of the n-type drift layer 2; and further, the 
n"-type impurity region 4 comprising a source region and a 
p"-type contact region 5 are formed. The p-type base region3. 
n"-type impurity region 4, and p-type contact region 5 are 
extended with the direction perpendicular to the plane of the 
drawing taken as the direction of length. Adjacent p-type base 
regions 3, n-type impurity regions 4, and p"-type contact 
regions 5 are arranged at a predetermined distance in between 
and the surface of the n-type drift layer 2 is partly exposed 
therebetween. The surficial portion of the portion of the 
p-type base region 3 located between the n-type impurity 
region 4 and the n-type drift layer 2 whose Surface is exposed 
is taken as a channel region. A gate electrode 8 is formed over 
this channel region and the exposed Surface of the n-type 
drift layer 2 with a gate insulating film 7 in between. 
The electrode 8 is extended in the direction of channel 

width (the direction of the length of the p-type base region 3 
and the like) and it is divided in the direction of channellength 
and the first and second gate electrodes 8a, 8b are thereby 
formed. They are insulated and separated from each other by 
the insulating film 11 placed therebetween. The first gate 
electrode 8a functions as an excess carrier injection Suppres 
sion gate and a MOSFET driving gate. It is so formed that it 
is extended from a place where it is opposed to the n-type 
impurity region 4 with the gate insulating film 7 in between to 
a place where it is opposed to an intermediate position in the 
p-type base region 3. The second gate electrode 8b functions 
as a MOSFET driving gate. It is so formed that it is extended 
from a place where it is opposed to an intermediate position in 
the p-type base region 3 with the gate insulating film 7 in 
between to a place where it is opposed to the n-type drift 
layer 2. 
The semiconductor device in this embodiment is config 

ured by: in addition, providing the first electrode 9 equivalent 
to a source electrode electrically coupled to the n-type impu 
rity region 4 and the p-type contact region 5; and forming the 
second electrode 10 equivalent to a drain electrode in the back 
surface of the semiconductor substrate 1. 
With this structure, the semiconductor device in which the 

planar vertical MOSFET and the FWD are coupled in parallel 
is configured. In this semiconductor device, a channel is 
formed in the p-type base region 3 located below the gate 
electrode 8 by applying positive voltage both to the first gate 
electrode 8a and to the second gate electrode 8b. As a result, 
the planar vertical MOSFET performs the operation of pass 
ing a current between the first electrode 9 and the second 
electrode 10 in the direction parallel to the surface of the 
n-type drift layer 2. Thus this embodiment is different from 
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the first embodiment in that the gate electrode 8 is formed in 
the surface of the substrate and the channel is formed in the 
surface of the substrate; however, the other basic operations 
are the same as those in the first embodiment. 
As described up to this point, the same structure as in the 

first embodiment can also be applied to a planar Vertical 
MOSFET. Even with this structure, the same effect as in the 
first embodiment can be obtained. 
The semiconductor device with such a structure as in this 

embodiment is basically formed by the same technique as the 
manufacturing method for conventional semiconductor 
devices with a planar vertical MOSFET. However, this 
embodiment is different in the method for forming the first 
gate electrode 8a and second gate electrode 8b and the insu 
lating film 11. The insulating film 11 is formed by taking, for 
example, the following procedure: doped Poly-Si is patterned 
to simultaneously form the first and second gate electrodes 
8a, 8b and, when the first and second gate electrodes 8a, 8b 
are thereafter covered with an interlayer insulating film from 
above, it is caused to also get into therebetween. Thus the 
planar vertical MOSFET illustrated in FIG. 16 can be manu 
factured. 

12th Embodiment 

Description will be given to the 12th embodiment of the 
disclosure. The semiconductor device in this embodiment is 
obtained by applying the same structure as in the second 
embodiment to such a planar vertical MOSFET as described 
in relation to the 11th embodiment. The basic structure of the 
semiconductor device in this embodiment is the same as that 
in the 11th embodiment and description will be given only to 
a difference from the 11th embodiment. 

FIG. 17 illustrates a semiconductor device having a planar 
vertical MOSFET and FWD in this embodiment. 

In the semiconductor device in this embodiment, as illus 
trated in FIG. 17, a cell caused to function as an excess carrier 
injection Suppression gate and a cell caused to function as a 
MOSFET driving gate are provided in different positions. 
More specific description will be given. The cell caused to 
function as an excess carrier injection Suppression gate is 
provided with the first gate electrode 8c as a gate electrode 8. 
The first gate electrode 8c is so formed that it is extended from 
a place where it is opposed to the n-type impurity region 4 
with the gate insulating film 7 in between to a place where it 
is opposed to an intermediate position in the p-type base 
region 3. The cell caused to function as a MOSFET driving 
gate is provided with the second gate electrode 8d as a gate 
electrode 8. The second gate electrode 8d is extended from a 
place where it is opposed to the n-type impurity region 4 with 
the gate insulating film 7 in between to a place where it is 
opposed to the n-type drift layer 2 by way of the following 
place: a place where it is opposed to the p-type base region3. 

Even when the gate electrode 8 is comprised of the first and 
second gate electrodes 8c. 8d formed in different positions 
with their lengths made different from each other as men 
tioned above, the same effect as in the second embodiment 
can be obtained. This is done by taking the following mea 
sure: the first gate electrode 8c is caused to operate like the 
first gate electrode 8a described in relation to the second 
embodiment; and further the second gate electrode 8d is 
caused to operate like the second gate electrode 8b described 
in relation to the second embodiment. 
The semiconductor device with such a structure as in this 

embodiment is basically formed by the same technique as the 
manufacturing method for the semiconductor devices having 
a planar vertical MOSFET with the structure described in 
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relation to the 11th embodiment. The mask pattern used to 
form the gate electrode 8 only has to be changed. 

13th Embodiment 

Description will be given to the 13th embodiment of the 
disclosure. The semiconductor device in this embodiment is 
obtained by applying the same structure as in the first embodi 
ment to a planar horizontal MOSFET. The basic structure of 
the planar horizontal MOSFET is the same as that of the 
horizontal MOSFET with a trench gate structure described in 
relation to the fifth embodiment and description will be given 
only to a difference from the fifth embodiment. 

FIGS. 18A and 18B illustrate a semiconductor device hav 
ing a planar horizontal MOSFET and FWD in this embodi 
ment. FIG. 18A is a layout chart and FIG. 18B is a sectional 
view taken along line XVIIIB-XVIIIB of FIG. 18A. Though 
FIG. 18A is not a sectional view, it is partially hatched for 
facilitating visualization. Hereafter, description will be given 
to the semiconductor device in this embodiment with refer 
ence to these drawings. 
As illustrated in FIGS. 18A and 18B, the p-type base region 

51 is formed in a predetermined region in the surface part of 
the n-type region 50; and further the n-type impurity region 
52 and the p-type contact region 53 are formed in predeter 
mined regions in this p-type base region 51. 
The gate electrode 56 is extended in the direction of chan 

nel width (the direction of the length of the p-type base region 
51 and the like) and it is divided in the direction of channel 
length and the first and second gate electrodes 56a, 56b are 
thereby formed. They are insulated and separated from each 
other by the insulating film.55a placed therebetween. The first 
gate electrode 56a functions as an excess carrier injection 
suppression gate and a MOSFET driving gate. It is so formed 
that it is extended from a place where it is opposed to the 
n"-type impurity region 52 with the gate insulating film 55 in 
between to a place where it is opposed to an intermediate 
position in the p-type base region 51. The second gate elec 
trode 56b functions as a MOSFET driving gate. It is so formed 
that it is extended from a place where it is opposed to an 
intermediate position in the p-type base region 51 with the 
gate insulating film 55 in between to a place where it is 
opposed to the n-type region 50. 
The semiconductor device in this embodiment is config 

ured by, in addition, providing the following electrodes: the 
first electrode 58 electrically coupled to the n-type impurity 
region 52 and the p-type contact region 53; and the second 
electrode 59 electrically coupled to the n-type impurity 
region 57 formed away from the p-type base region 51, 
n"-type impurity region 52, and p-type contact region 53. 

With this structure, the semiconductor device in which the 
planar horizontal MOSFET and the FWD are coupled in 
parallel is configured. In this semiconductor device, a channel 
is formed in the p-type base region 51 located below the gate 
electrode 56 by applying positive voltage both to the first gate 
electrode 56a and to the second gate electrode 56b. As a 
result, the planar horizontal MOSFET performs the operation 
of passing a current between the first electrode 58 and the 
second electrode 59 in the direction parallel to the substrate 
(horizontal direction). The other basic operations are the 
same as in the first embodiment. 
As described up to this point, the same structure as in the 

first embodiment can also be applied to a planar horizontal 
MOSFET. Even with this structure, the same effect as in the 
first embodiment can be obtained. 
The semiconductor device with such a structure as in this 

embodiment is basically formed by the same technique as the 
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manufacturing method for conventional semiconductor 
devices with a planar horizontal MOSFET. However, this 
embodiment is different in the method for forming the first 
gate electrode 56a and second gate electrode 56b and the 
insulating film 55a. The insulating film 55a is formed by 
taking, for example, the following procedure: doped Poly-Si 
is patterned to simultaneously form the first and second gate 
electrodes 56a, 56b and, when the first and second gate elec 
trodes 56a, 56b are thereafter covered with an interlayer 
insulating film from above, it is caused to also get into ther 
ebetween. Thus the planar vertical MOSFET illustrated in 
FIGS. 18A and 18B can be manufactured. 

14th Embodiment 

Description will be given to the 14th embodiment of the 
disclosure. The semiconductor device in this embodiment is 
obtained by applying the same structure as in the second 
embodiment to such a planar horizontal MOSFET as 
described in relation to the 13th embodiment. The basic struc 
ture of the semiconductor device in this embodiment is the 
same as that in the 13th embodiment and description will be 
given only to a difference from the 13th embodiment. 

FIGS. 19A to 19C illustrate a semiconductor device having 
a planar horizontal MOSFET and FWD in this embodiment. 
FIG. 19A is a layout chart, FIG. 19B is a sectional view taken 
along line XIXB-XIXB of FIG. 19A, and FIG. 19C is a 
sectional view taken along line XIXC-XIXC of FIG. 19A. 

In the semiconductor device in this embodiment, as illus 
trated in FIGS. 19A to 19C, a cell caused to function as an 
excess carrier injection Suppression gate and a cell caused to 
function as a MOSFET driving gate are provided in different 
positions. More specific description will be given. The cell 
caused to function as an excess carrier injection Suppression 
gate is provided with the first gate electrode 56c as a gate 
electrode 56. The first gate electrode 56c is so formed that it 
is extended from a place where it is opposed to the n-type 
impurity region 52 with the gate insulating film 55 in between 
to a place where it is opposed to an intermediate position in 
the p-type base region 51. The cell caused to function as a 
MOSFET driving gate is provided with the second gate elec 
trode 56d as a gate electrode 56. The second gate electrode 
56d is extended form a place where it is opposed to the 
n"-type impurity region 52 with the gate insulating film 55 in 
between to a place where it is opposed to the n-type region 50 
by way of the following place: a place where it is opposed to 
the p-type base region 51. 

Even when the gate electrode 56 is comprised of the first 
and second gate electrodes 56c. 56d formed in different posi 
tions with their lengths made different from each other as 
mentioned above, the same effect as in the second embodi 
ment can be obtained. This is done by taking the following 
measure: the first gate electrode 56c is caused to operate like 
the first gate electrode 56a described in relation to the second 
embodiment; and further the second gate electrode 56d is 
caused to operate like the second gate electrode 56b described 
in relation to the second embodiment. 
The semiconductor device with such a structure as in this 

embodiment is basically formed by the same technique as the 
manufacturing method for semiconductor devices having a 
planar vertical MOSFET with the structure described in rela 
tion to the 13th embodiment. The mask pattern used to form 
the gate electrode 56 only has to be changed. 

15th Embodiment 

Description will be given to the 15th embodiment of the 
disclosure. The semiconductor device in this embodiment is 
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24 
obtained by forming the same double gate structure as in the 
first embodiment only in some of the gate electrodes 8. The 
other respects are the same as those in the first embodiment 
and description will be given only to a difference from the first 
embodiment. 

FIG. 20 is a sectional view of a semiconductor device 
having a vertical MOSFET with a trench gate structure and 
FWD in this embodiment. In this embodiment, as illustrated 
in this drawing, multiple trench gate structures extended in 
the direction perpendicular to the plane of the drawing are 
arranged in parallel. A certain proportion of them are taken as 
gate electrodes 8 with a double gate structure. In the example 
in FIG. 20, the gate electrodes are laid out so that the follow 
ing is implemented: the ratio of the gate electrodes 8 with a 
double gate structure having a first gate electrode 8a and a 
second gate electrode 8b to the gate electrodes 8 with a single 
gate structure caused to function as a MOSFET driving gate is 
3:1. 
As mentioned above, all the gate electrodes 8 may be not 

provided with a double gate structure but only some of the 
gate electrodes 8 may be provided with a double gate struc 
ture. When this structure is adopted, the gate electrodes 8 with 
a single gate structure caused to function as a MOSFET 
driving gate can be made Smaller in width than the gate 
electrodes 8 with a double gate structure. Therefore, integra 
tion can be accordingly facilitated. As a result, it is possible to 
miniaturize a semiconductor device or increase the amount of 
current that can be passed when a semiconductor device is 
configured in the same size. 

16th Embodiment 

Description will be given to the 16th embodiment of the 
disclosure. The semiconductor device in this embodiment is 
obtained by configuring the same double gate structure as in 
the first embodiment without the insulating film 11 in the gate 
electrodes 8. The other respects are the same as those in the 
first embodiment and description will be given only to a 
difference from the first embodiment. 

FIG. 21 is a sectional view of a semiconductor device 
having a vertical MOSFET with a trench gate structure and 
FWD in this embodiment. In this embodiment, as illustrated 
in the drawing, the insulating film 11 is not provided between 
the first gate electrode 8a and the second gate electrode 8b. 
Instead, the first gate electrode 8a and the second gate elec 
trode 8b are formed of materials different in work function. 
Based on the work function difference between them, the first 
gate electrode 8a is caused to function as an excess carrier 
injection Suppression gate and the second gate electrode 8bis 
caused to function as a MOSFET driving gate together with 
the first gate electrode 8a. 

For example, the first gate electrode 8a is formed of p-type 
doped Poly-Si and the second gate electrode 8b is formed of 
n-type doped Poly-Si. With this configuration, the following 
takes place when positive Voltage is applied to a gate elec 
trode 8: first, the voltage is applied to the first gate electrode 
8a and as a result, the p-type base region 3 is inverted to the 
depth of the first gate electrode 8a. Therefore, the first gate 
electrode 8a can be caused to function as an excess carrier 
injection Suppression gate. When the Voltage applied to the 
gate electrode 8 is subsequently increased beyond the work 
function difference between the first gate electrode 8a and the 
second gate electrode 8b, the following takes place: the p-type 
base region 3 is inverted to the depth of the second gate 
electrode 8b and a channel is formed. As a result, the MOS 
FET can be caused to operate. Therefore, the second gate 
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electrode 8b can be caused to function as a MOSFET driving 
gate together with the first gate electrode 8a. 

Even when the first gate electrode 8a and the second gate 
electrode 8b are formed of materials different in work func 
tion as mentioned above, the same effect as in the first 
embodiment can be obtained. However, the following mea 
sure must be taken with respect to the work function differ 
ence between the first gate electrode 8a and the second gate 
electrode 8b: the materials of the first and second gate elec 
trodes 8a, 8b must be selected so that the above work function 
difference is smaller than the work function difference 
between the first gate electrode 8a and the gate insulating film 
7. More specific description will be given. If the work func 
tion difference between the first gate electrode 8a and the gate 
insulating film 7 is smaller than the work function difference 
between the first gate electrode 8a and the second gate elec 
trode 8b, the following will take place: Voltage is not applied 
to the second gate electrode 8b and substantially all the gate 
voltage is applied to between the first gate electrode 8a and 
the gate insulating film 7. To prevent this, the materials of the 
first and second gate electrodes 8a, 8b are selected so that the 
above condition is met. 

In this description, a case where the first gate electrode 8a 
and the second gate electrode are respectively formed of 
p-type doped Poly-Si and n-type doped Poly-Si has been 
taken as an example. Instead, the first and second gate elec 
trodes 8a, 8b may be formed of two different kinds of metal 
materials different in work function. 

In addition, as in the modification shown in FIG. 22, an 
intermediate member 13 formed of a material different from 
the materials of the first and second gate electrodes 8a, 8b 
may be provided therebetween. For example, the first gate 
electrode 8a, intermediate member 13, and second gate elec 
trode 8b are respectively formed of p-type dope Poly-Si. 
metal, and n-type doped Poly-Si or the like. In case of this 
mode, the following takes place when gate Voltage is applied: 
the gate Voltage is applied to the first gate electrode 8a to the 
intermediate member 13 to the second gate electrode 8b in 
this order. The position in the p-type base region 3 where an 
inversion layer is formed can be set to the depth of the first 
gate electrode 8a or the depth of the second gate electrode 8b 
by controlling this Voltage. Even in this case, the same opera 
tion as that of the semiconductor device illustrated in FIG. 12 
can be performed. When this structure is adopted, the mate 
rials of the first gate electrode 8a, intermediate member 13, 
and second gate electrode 8b can be combined in any way 
regardless of whether they are metal material or semiconduc 
tor material. In this structure, the number of layers of the 
intermediate member 13 as intermediate material provided 
between the first and second gate electrodes 8a, 8b need not 
be one and more materials different in work function may be 
laminated. 

Other Embodiments 

In the first embodiment, the second gate electrode 8b is 
formed at some midpoint in the direction of length of the 
trench 6 so that it is extended to the surface of the substrate 
when the gate electrode 8 is provided with a double gate 
structure. However, this just illustrates an example of how to 
draw out the gate electrode 8 and any other structure may be 
adopted. For example, the following measure may be taken as 
shown in the schematic perspective view of a trench gate 
structure in FIG. 23: the second gate electrode 8b is formed in 
the end position in the direction of length of the trench 6 so 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

26 
that it is extended to the surface of the substrate; and a gate 
wiring is drawn out in this position or a pad is formed in this 
position. 

FIG. 24 is a perspective view illustrating an example of the 
layout of a semiconductor device obtained in the following 
cases: a case where the second gate electrode 8b is formed at 
some midpoint in the direction of length of the trench 6 so that 
it is extended to the surface of the substrate as illustrated in 
FIG. 6; or a case where it is formed in the end position in the 
direction of length of the trench 6 so that it is extended to the 
surface of the substrate as illustrated in FIG. 23. As illustrated 
in this drawing, a pad 40 is formed in the middle position in 
the chip comprising the semiconductor device and pads 41 are 
formed at ends of the chip. 
When the second gate electrode 8b is formed at some 

midpoint in the direction of length of the trench 6 so that it is 
extended to the surface of the substrate as illustrated in FIG. 
6, the pads are used as follows: the pad 40 shown in FIG. 24 
is used as is coupled to the second gate electrode 8b and the 
pads 41 are used as are coupled to the first gate electrodes 8a. 
When the second gate electrode 8b is formed in the end 
position in the direction of length of the trench 6 so that it is 
extended to the surface of the substrate as illustrated in FIG. 
23, the pads are used as follows: the pad 40 illustrated in FIG. 
24 is used as is coupled to the first gate electrode 8a and the 
pads 41 are used as are coupled to the second gate electrodes 
8b. 

In the description of the second to fourth embodiments, 
cases where the trench gate structure is formed in a stripe 
pattern, that is, the first gate electrodes 8c, 8e, 8g and the 
second gate electrodes 8d, 8f 8h are laid out in a stripe pattern 
have been taken as examples. However, they just illustrate 
examples and various layouts can be adopted. FIG. 25 is a 
perspective view illustrating an example of the layout of the 
first and second gate electrodes 8c, 8d in the second embodi 
ment. As shown in this drawing, the semiconductor device 
can be so configured that the second gate electrodes 8d are 
arranged in a stripe pattern and the first gate electrode 8c is 
partly arranged between the second gate electrodes 8d. 

FIG. 26 is a perspective view illustrating an example of the 
layout of a semiconductor device taken when it is so config 
ured that the first gate electrode 8c is partly arranged between 
the second gate electrodes 8d. As shown in this drawing, the 
semiconductor device is so configured that a pad 40 is formed 
in the middle position in the chip comprising the semicon 
ductor device and a pad 41 is formed at an end of the chip. 
When the configuration in which the first gate electrode 8c 

is partly arranged between the second gate electrodes 8d as 
shown in FIG. 25 is adopted, the pads are used as follows: the 
pad 40 is used as is coupled to the first gate electrode 8c and 
the pad 41 is used as is coupled to the second gate electrode 
8d. In this description, the semiconductor device in the sec 
ond embodiment has been taken as an example. However, the 
same layout can also be adopted in the third and fourth 
embodiments. 

In the above description of each embodiment, an n-channel 
MOSFET in which the first conductivity type is n-type and 
the second conductivity type is p-type has been taken as an 
example. However, the disclosure can also be applied to a 
p-channel MOSFET in which the conductivity type of each 
component is inverted. 

In the description of the second to fourth embodiments, a 
layout in which gate electrodes 8 comprising a MOSFET 
driving gate and an excess carrier injection Suppression gate 
are adjacently arranged and they are formed at a ratio of 1:1 
has been taken as examples. However, they just cite examples 
and any other layout may be adopted. FIGS. 27A to 27C are 
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perspective layout charts illustrating example of other lay 
outs. In FIGS. 27A to 27C, only the layout of gate electrodes 
8 is shown. Though FIGS. 27A to 27C are not sectional views, 
gate electrodes 8 are hatched for the sake of convenience to 
facilitate visualization. 
The layout shown in FIG. 27A may be adopted. In this 

layout, one gate electrode 8c, 8e, 8g comprising an excess 
carrier injection Suppression gate is placed for arranged mul 
tiple (two in the drawing) gate electrodes 8d, 8f 8h compris 
ing a MOSFET driving gate. This makes it possible to 
increase the area of a portion that can be caused to operate as 
MOSFET as compared with cases where gate electrodes 8 
comprising a MOSFET driving gate and an excess carrier 
injection Suppression gate are formed at a ratio of 1:1. 
The layout shown in FIG. 27B may be adopted. In this 

layout, gate electrodes 8c, 8e, 8g partly comprising an excess 
carrier injection Suppression gate are concentrated in the cen 
tral part of multiplegate electrodes 8 arranged in parallel; and 
gate electrodes 8d, 8f 8h comprising a MOSFET driving gate 
are arranged in the other places. 
The layout shown in FIG. 27C may be adopted. In this 

layout, multiple gate electrodes 8d, 8f 8h comprising a MOS 
FET driving gate are arranged in parallel; gate electrodes 8c, 
18e, 8g partly comprising an excess carrier injection Suppres 
sion gate are provided therebetween only in the central part; 
and only gate electrodes 8d, 8f 8h comprising a MOSFET 
driving gate are provided in the other places. 

Also in cases where both the gate electrodes 8 with a single 
gate structure and those with a double gate structure, 
described in relation to the 15th embodiment, are formed, the 
structures shown in FIGS. 27A to 27C can be adopted. That is, 
the positions of the gate electrode 8c, 8e, 8g comprising an 
excess carrier injection Suppression gate shown in FIGS. 27A 
to 27C can be taken as gate electrodes 8 with a double gate 
structure; and the positions of gate electrodes 8d, 8f 8h com 
prising a MOSFET driving gate can be taken as gate elec 
trodes 8 with a single gate structure. 
Up to this point, description has been given to examples of 

the layouts illustrated in FIGS. 27A to 27C; however, any 
layout other than those shown in FIGS. 27A to 27C may also 
be adopted, needless to add. 
A Superjunction structure can also be applied to a semicon 

ductor device in which a vertical or horizontal planar MOS 
FET is applied as the above-mentioned semiconductor 
Switching element with an insulated gate structure. 

FIG.28 illustrates a semiconductor device having a vertical 
MOSFET described in relation to the first embodiment in 
which a Superjunction structure is applied to the vertical 
MOSFET. Specifically, the semiconductor device is provided 
with a Superjunction structure in which a n-type column 2a 
and a p-type column2b are alternately repeated by taking the 
following measure: trenches are formed in the n-type drift 
layer 2 and a p-type layer is buried therein or p-type impurity 
is ion-implanted in multiple stages during the growth of the 
n-type drift layer 2. Also in cases where a Superjunction 
structure is adopted as mentioned above, the same effect as in 
the first embodiment can be obtained by providing the same 
trench gate structure as in the first embodiment. Up to this 
point, description has been given to a case where the Super 
junction structure is applied to the first embodiment. How 
ever, the Superjunction structure can also be applied to a 
semiconductor device to which any other MOSFET is 
applied, needless to add. 

In the above description of each embodiment, a vertical or 
horizontal planar MOSFET or IGBT has been taken as an 
example of a semiconductor Switching element with an insu 
lated gate structure. However, the disclosure can also be 
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applied to MOSFET or IGBT with any other structure, for 
example, a concave semiconductor Switching element. In the 
description of the 11th to 14th embodiments, MOSFET has 
been taken as an example; however, IGBT with the same 
structure may be configured. That is, the semiconductor Sub 
strate 1 can be comprised of a n-type impurity region 1a and 
a p-type impurity region 1b or the impurity region 57 can be 
comprised ofan'-type first impurity region 57a and a p-type 
second impurity region 57b. In the above description of each 
embodiment, a structure in which a semiconductor Switching 
element with an insulated gate structure and FWD are con 
tained in one chip has been taken as an example. However, the 
disclosure is not limited to semiconductor devices with a 
semiconductor Switching element with an insulated gate 
structure and FWD contained in one chip. It can also be 
applied to semiconductor devices in which they are formed in 
different chip as long as the semiconductor device is so struc 
tured that they are coupled in parallel. 

In case of IGBT, the following takes place when the IGBT 
and FWD are formed in different chips: a n-type impurity 
region is need not beformed in the semiconductor Substrate 1 
and a n-type first impurity region 57 a need not be formed in 
the impurity region 57. 

FIG. 29 is a schematic sectional view obtained when a 
vertical IGBT with a trench structure and FWD are formed in 
different chips. FIG. 30 is a sectional view obtained when a 
vertical MOSFET with a trench structure and FWD are 
formed in different chips. 

In the chip in which a vertical IGBT or a vertical MOSFET 
is formed, as illustrated in these drawings, the vertical IGBT 
or the vertical MOSFET is configured with the same structure 
as in each the above embodiment. That is, the n-type drift 
layer 2 and the p-type base region 3 are formed over the 
p"-type or n-type semiconductor substrate 1; and the n-type 
impurity region 4 is formed in the Surface part of the p-type 
base region 3. The gate electrode 8 is formed in the trench 6 
with the gate insulating film 7 in between. Further, the first 
electrode 9 coupled to the p-type base region 3 through the 
n"-type impurity region 4 and the p-type contact region 5 is 
formed and the second electrode 10 electrically coupled to the 
semiconductor substrate 1 is formed. 

In the chip with FWD formed therein, a p-n junction is 
formed of an n-type cathode layer 60 comprising a first con 
ductivity type layer and a p-type anode layer 61 comprising a 
second conductivity type layer formed thereover. A first elec 
trode 62 comprising an anode electrode is electrically 
coupled to the p-type anode layer 61 and a second electrode 
63 comprising a cathode electrode is electrically coupled to 
the n-type cathode layer 60. A n-type impurity region 64 
higher in impurity concentration than the n-type cathode 
layer 60 and comprising a first impurity region is formed in 
the surface part of the p-type anode layer 61; and a trench 65 
extended from this n-type impurity region 64 to the p-type 
anode region 61 is formed. A gate electrode 67 comprising a 
first gate electrode is formed in the trench 65 with a gate 
insulating film 66 in between. 

With this structure, FWD can be formed in a different chip. 
When the first electrodes 9, 62 in the respective chips are 
electrically coupled and the respective second electrodes 10, 
63 are electrically coupled, the following is implemented: a 
semiconductor device in which a vertical IGBT or a vertical 
MOSFET and FWD formed in different chips are coupled in 
parallel is configured. A vertical IGBT or a vertical MOSFET 
and FWD can also be formed in different chips as mentioned 
above. 
When a vertical IGBT and FWD are formed in different 

chips, it is necessary to provide the FWD with an excess 
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carrier injection Suppression gate because recovery does not 
occur in the vertical IGBT. Therefore, the same effect as in the 
first embodiment and the like can be obtained by forming the 
gate electrode 67 comprising an excess carrier injection Sup 
pression gate in the chip in which the FWD is formed. When 
a vertical MOSFET and FWD are formed, the performance of 
the FWD is inevitably degraded with a structure in which they 
are contained in one chip as compared with cases where a 
vertical MOSFET and FWD are formed indifferent chips. For 
this reason, the FWD may be formed in a chip different from 
that of the vertical MOSFET and be externally added. 

In the description given here, a case where FWD is formed 
in a chip different from that of a vertical IGBT or a vertical 
MOSFET with a trench structure has been taken as an 
example. However, the vertical IGBT or vertical MOSFET 
need not be of a trench structure and FWD may be formed in 
a chip different from that of a planar vertical IGBT or vertical 
MOSFET. The foregoing applies not only to the vertical 
IGBT or vertical MOSFET but also to horizontal IGBTs and 
horizontal MOSFETs. 

Also with respect to the semiconductor devices illustrated 
in FIG. 7 and FIG. 9 described in relation to the third and 
fourth embodiments, the vertical IGBT and the FWD can be 
formed in different chips. FIG.31 and FIG.32 are schematic 
sectional views obtained when the vertical MOSFET with a 
trench structure and the FWD in the third and fourth embodi 
ments are formed in different chips. 

In the semiconductor device illustrated in FIG.31, the chip 
with the vertical MOSFET formed therein has the same struc 
ture as in FIG.30 and the chip with the FWD formed therein 
has substantially the same structure as in FIG. 30. However, 
the semiconductor device illustrated in FIG.31 is different in 
the structure of the excess carrier injection suppression gate. 
More specific description will be given. A position deeper 
than the upper part of the n-type cathode layer 60 and shal 
lower than the upper part of the n-type cathode layer 60 is 
taken as an intermediate position. The gate insulating film 66 
is different in thickness between a first portion 66a deeper 
than the intermediate position and a second portion 66b shal 
lower than it. It is thicker at the first portion 66a than at the 
second portion 66b. With this structure, the vertical MOSFET 
and the FWD of a semiconductor device that performs the 
same operation as in the third embodiment can be formed in 
different chips. 

Also in the semiconductor device illustrated in FIG.32, the 
chip with the vertical MOSFET formed therein has the same 
structure as in FIG. 30 and the chip with the FWD formed 
therein has substantially the same structure as in FIG. 30. 
However, the semiconductor device illustrated in FIG. 32 is 
different in the structure of the p-type anode layer 61 around 
the excess carrier injection Suppression gate. That is, the 
measure described below is taken with respect to the impurity 
concentration of the p-type anode layer 61 located along the 
side of the trench 65. A position deeper than the upper part of 
the p-type anode layer 61 and shallower than the upper part of 
the n-type cathode layer 60 is taken as an intermediate posi 
tion. The impurity concentration is different between a first 
region 61 a shallower than the intermediate position and a 
second region 61b deeper than it. The second region 61b is 
higher in impurity concentration than the first region 61a. 
With this structure, the vertical MOSFET and the FWD of a 
semiconductor device that performs the same operation as in 
the fourth embodiment can be formed in different chips. 

17th Embodiment 

Description will be given to the 17th embodiment of the 
disclosure. In the description of this embodiment, a semicon 
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ductor device 100 in which an n-channel vertical MOSFET 
and FWD are formed in a cell region will be taken as an 
example. FIG. 33 is a sectional view of the semiconductor 
device 100 in this embodiment. FIG. 34 is a top layout chart 
of the Semiconductor device 100 illustrated in FIG. 33. Here 
after, description will be given to the structure of the semi 
conductor device 100 in this embodiment with reference to 
these drawings. 
The semiconductor device 100 illustrated in FIG. 33 has 

the structure illustrated in FIG. 34. That is, it includes: a cell 
region R1 where a vertical MOSFET and FWD are formed: 
and a peripheral region R2 where a peripheral high-break 
down Voltage structure Surrounding the cell region R1. How 
ever, FIG.33 depicts only the cell region R1. The structure of 
the semiconductor device 100 in the areas other than the cell 
region R1 is the same as conventional and description will be 
given only to the cell region R1 here. 
The semiconductor device 100 is formed using a n-type 

substrate (semiconductor layer of first conductivity type) 101 
formed of semiconductor material. Such as silicon, high in 
impurity concentration. Over the surface of the n-type sub 
strate 101, the following are formed in the following order: a 
n-type drift layer 102 lower in impurity concentration than 
the n-type substrate 101 and a p-type base region 103 whose 
impurity concentration is set relatively low. Over the n-type 
drift layer 102, p-type body layers 103a extended to the lower 
part of the p-type base region 103 are formed at equal inter 
vals. The p-type body layers 103a are for forming the anode 
of a body diode comprising the FWD and are extended with 
one direction, specifically, the direction perpendicular to the 
plane of FIG. 33 taken as the direction of length. 

In the surface part of the p-type base region 103, n-type 
impurity regions (impurity regions of first conductivity type) 
104 equivalent to a source region, higher in impurity concen 
tration than the n-type drift layer 102, are provided; and 
further p"-type contact regions 105 higher in impurity con 
centration than the p-type base region 103 are formed. Mul 
tiple trenches 106 identical in depth are formed from the 
substrate surface side. A gate insulating film 107 is formed so 
as to cover the inner wall surfaces of the trenches 106 and gate 
electrodes 108 formed of doped Poly-Siare provided over the 
surface of the gate insulating film 107. The trench gate struc 
ture comprised of the trenches 106, gate insulating film 107. 
and gate electrodes 108 is laid out in a stripe pattern formed 
by arranging multiple trenches 106 in the same direction as 
illustrated in, for example, FIG. 34. 
Two different kinds of gate electrodes 108 are provided. 

One is taken as a vertical MOSFET driving gate electrode 
108a and the other is taken as a diode gate electrode 108b. 
The driving gate electrode 108a is formed in a region where 

a p-type body layer 103a is not formed and the trench (first 
trench) 106a in which the driving gate electrode 108a is 
placed is so structured that the following is implemented: it 
penetrates the n-type impurity region 104 and the p-type 
base region 103 and is extended from the substrate surface 
side to the n-type drift layer 102. For this reason, the follow 
ing takes place when gate Voltage is applied to the driving gate 
electrode 108a; an inversion layer is formed in the p-type base 
region 103 located along the side of the gate electrode 108a; 
and continuity can be established between the n-type impu 
rity region 104 and the n-type drift layer 102 using this 
inversion layer as a channel. 
The diode gate electrode 108b is formed in a region where 

a p-type body layer 103a is formed. The trench (second 
trench) 106b in which the diode gate electrode 108bis placed 
is so structured that the following is implemented: it is shal 
lower than the p-type body layer 103a and its bottom portion 
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is positioned in the p-type body layer 103a and does not reach 
the n-type drift layer 102. For this reason, the following takes 
place when gate Voltage is applied to the diodegate electrode 
108b; an inversion layer is formed in the p-type base region 
103 located along the side of the gate electrode 108b but 
continuity is not established between the n-type impurity 
region 104 and the n-type drift layer 102. 

Voltage is independently applied to the driving gate elec 
trode 108a and to the diodegate electrode 108b. The propor 
tion of the driving gate electrodes 108a and diode gate elec 
trodes 108b formed is arbitrary. In this embodiment, the 
formation ratio is set to 1:1 by alternately arranging a driving 
gate electrode 108a and a diode gate electrode 108b. 
An interlayer insulating film (not shown) comprised of an 

oxide film or the like is formed so as to cover the gate elec 
trodes 108. In addition to a front surface electrode 109 equiva 
lent to a source electrode, a driving gate wiring 110a and a 
diode gate wiring 110b are formed over the interlayer insu 
lating film. The front surface electrode 109, driving gate 
wiring 110a, and diode gate wiring 110b are insulated by the 
interlayer insulating film and are respectively electrically 
coupled to desired regions in the vertical MOSFET. Specifi 
cally, the front surface electrode 109 is electrically coupled to 
the n-type impurity region 104 and the p-type contact 
region 105 through a contact hole formed in the interlayer 
insulating film. The driving gate wiring 110a and the diode 
gate wiring 110b are also respectively electrically coupled to 
the driving gate electrode 108a or the diode gate electrode 
108b through a contact hole formed in the interlayer insulat 
ing film. 

Substantially the whole of the cell region R1 is used as the 
front surface electrode 109 and the driving gate wiring 110a 
and the diode gate wiring 110b are laid out so that the front 
surface electrode 109 is avoided. For example, the driving 
gate wiring 110a and the diodegate wiring 110b are routed in 
the periphery of the cell region R1; and they are respectively 
electrically coupled to a driving gate pad 111a and a diode 
gatepad 111b placed at the corner located at the upper right of 
the plane of FIG. 34. 
When the structure illustrated in the conceptual drawing of 

a wire drawing structure in FIG. 35 is adopted, for example, 
wiring layout is facilitated. That is, the driving gate wiring 
110a is routed to the driving gate pad 111a so that it is coupled 
to one end of each driving gate electrode 108a in the direction 
of length. The diodegate wiring 110b is routed to the diode 
gate pad 111b so that it is coupled to the other end of each 
diode gate electrode 108b in the direction of length. That is, 
the wirings 110a, 110b are drawn out in different directions 
on the chip. This makes it unnecessary to adopt a layout in 
which both the driving gate wiring 110a and the diode gate 
wiring 110b are overlapped and arranged in the periphery of 
the cell region R1. As a result, wiring layout can be facilitated. 
A back surface electrode 112 equivalent to a drain elec 

trode is formed over the surface of the n-type substrate 101 
located on the opposite side to the n-type drift layer 2. FIG. 
33 depicts only a portion in which one cell of FWD is pro 
vided between two cells of vertical MOSFETs. The cell 
region R1 in the layout in FIG.34 is configured by alternately 
arranging these multiple cells of vertical MOSFETs and 
FWDS. 

With this structure, the semiconductor device 100 having 
the following vertical MOSFET and FWD is configured: a 
vertical MOSFET that forms an inversion layer in the p-type 
base region 103 located along the side of the trench 106 and 
thereby passes a current between source and drain through the 
n"-type impurity region 104, n-type drift layer 102, and 
n"-type substrate 101; and FWD utilizing a p-n junction 
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32 
formed between the p-type body region 103a as a p-type body 
layer comprising an anode and the n-type drift layer 102 
comprising a cathode. 

Subsequently, description will be given to the operation of 
the semiconductor device 100 having the vertical MOSFET 
and FWD configured as mentioned above. 

First, description will be given to the basic operations of the 
vertical MOSFET and FWD provided in the semiconductor 
device 100 having the above configuration. 

(1) When the front surface electrode 109 is grounded and 
positive voltage is applied to the back surface electrode 112, 
the following takes place: the p-n junction formed between 
the p-type body region 103a as a p-type body layer and the 
n-type drift layer 102 is brought into an inverse voltage state. 
For this reason, when Voltage is not applied to each gate 
electrode 108a, 108b and they are off, a depletion layer is 
formed at the p-n junction and a current between source and 
drain is interrupted. 

(2) To turn on the vertical MOSFET, the front surface 
electrode 109 is grounded and positive voltage is applied to 
the driving gate electrode 108a with positive voltage applied 
to the back surface electrode 112. As a result, an inversion 
layer is formed in the portion of the p-type base region 103 in 
contact with the trench 106 in the periphery of the driving gate 
electrode 108a. Then a current is passed between source and 
drain using it as a channel. 

(3) To cause the FWD to perform diode operation, positive 
voltage is applied to the front surface electrode 109 and 
further the back surface electrode 12 is grounded and voltage 
application to each gate electrode 108a, 108b is stopped to 
turn them off. As a result, an inversion layer is not formed in 
the p-type base region 103; therefore, the FWD formed 
between source and drain performs diode operation. 

In a semiconductor device configured as in this embodi 
ment, it is possible to switch a vertical MOSFET between on 
and off and cause FWD to perform diode operation. Control 
for achieving both back flow reduction and recovery loss 
reduction is carried out by use of the semiconductor device 
with this structure. 

Description will be given to this control method using an 
example of a circuit to which the semiconductor device 100 in 
this embodiment is applied. FIG. 36 is a circuit diagram 
illustrating an example of an inverter circuit to which the 
semiconductor device 100 in this embodiment is applied. 
FIG. 37 is a timing chart indicating the operation of the 
semiconductor device 100 in the inverter circuit. In FIG. 37, 
+V1 and +V2 may be an identical voltage or may be different 
voltages corresponding to performance. At XXXVIIA, 
FWD2 is turned on immediately before MOS1 turns on again 
(that is, immediately before the recovery operation of 
MOS2). At XXXVIIB, the re-turn-on of MOS1 and the turn 
off of FWD2 may be overlapped with each other as required. 
FIGS. 38A to 38F are explanatory drawings illustrating the 
operation of the inverter circuit and sectional views illustrat 
ing the state of the interior of the semiconductor device 100 at 
that time and correspond to States (1) to (4) in FIG.37. FIGS. 
38C and 38D illustrate the diode operation by carrier injec 
tion; and FIGS.38E and 38F show how easily electron extrac 
tion and hole annihilation are carried out by the formation of 
an inversion layer. 
The semiconductor device 100 configured as in this 

embodiment is used as follows: two semiconductor devices 
100 are coupled in series as illustrated in, for example, FIG. 
36 and are used in a halfbridge circuit for driving an inductive 
load 120. The inductive load 120 is driven by switching the 
vertical MOSFETs respectively provided in the two semicon 
ductor devices 100 between on and off to change the direction 
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of current supplied from a direct-current power source 121 to 
the inductive load 120. In the following description, the ver 
tical MOSFET and the FWD provided in the high-side one of 
the two semiconductor devices 100 comprising the half 
bridge circuit will be respectively designated as MOS1 and 
FWD1; and the vertical MOSFET and the FWD provided in 
the low-side one will be respectively designated as MOS2 and 
FWD2. In the following description, a control method used 
when MOS1 in on state is switched off and is switched on 
again will be taken as an example. The states of the interior of 
the Semiconductor device 100 shown in FIGS. 38A to 38F 
relate to the semiconductor device 100 on the low side. 

In State (1) in FIG. 37, first, positive voltage (+V1) is 
applied to the MOS1 driving gate electrode 108a; and gate 
voltage is not applied to the MOS2 driving gate electrode 
108a or the diodegate electrode 108b of each of FWD1 and 
FWD2. At this time, MOS1 is turned on and a current is 
passed through the inductive load 120 based on power supply 
from the power source 121 by the path indicated by the arrows 
in FIGS. 38A to 38F. Then the p-n junction formed between 
the p-type body region 103a as a p-type body layer and the 
n"-type drift layer 102 of MOS2 is brought into an inverse 
voltage state. Therefore, as illustrated in FIGS. 38A to 38F, a 
depletion layer is formed at the p-n junction and a current 
between source and drain is interrupted. 

In State (2) in FIG. 37, subsequently, the application of 
positive voltage to the MOS1 driving gate electrode 108a is 
stopped to turn off MOS1. At this time, the inductive load 20 
is going to continue the passage of current previously passed; 
therefore, an induced current is passed by the path indicated 
by the arrows in FIGS.38A to 38F, that is, by the path running 
through FWD2. For this reason, FWD2 is turned on based on 
the potential difference across the inductive load 120 arising 
from the passage of the induced current. In the semiconductor 
device 100 on the low side, diode operation by carrier injec 
tion is carried out and electrons and holes exist. 

In State (3) in FIG. 37, for this reason, the following pro 
cessing is carried out immediately before MOS1 is turned on 
again as in State (4) in FIG.37 when a predetermined time has 
passed after the turn-off of MOS1: MOS1 and MOS2 are kept 
off and positive voltage (+V2) is applied to the diode gate 
electrode 108b of FWD2. As a result, electrons in the p-type 
base region 103 are attracted to the vicinity of the diode gate 
electrode 108b of FWD2; and an inversion layer is formed in 
a place in the side surface of the trench 106 corresponding to 
the diode gate electrode 108b. For this reason, electrons are 
extracted to the front surface electrode 109 through the inver 
sion layer. Holes are also recombined with electrons and can 
be easily annihilated. Therefore, the efficiency of carrier 
injection to FWD2 is reduced and loss at the time of recovery 
can be reduced. 

In the semiconductor device 100 in this embodiment, as 
described up to this point, trenches 6 identical in depth are 
used to form the driving gate electrode 108a for driving a 
vertical MOSFET and a diode gate electrode 108b for form 
ing an inversion layer on the FWD side. The diode gate 
electrode 108b is formed in a region where a p-type body 
layer 103a is formed and is so structured that the trench 106b 
in which the diode gate electrode 108b is placed does not 
reach the n-type drift layer 102. 

Using the semiconductor device 100 with this structure, an 
inversion layer is formed by applying positive Voltage to the 
diode gate electrode 108b immediately before MOS1 once 
turned off is switched on again. The carrier injection effi 
ciency can be thereby reduced. Therefore, it is possible to 
achieve both back flow loss reduction and recovery loss 
reduction without need for trench gates different in depth. 
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The semiconductor device 100 with this structure can be 

basically manufactured by the same manufacturing method 
as for conventional ordinary semiconductor devices in which 
a vertical MOSFET and FWD are contained in one chip. 
Since the trenches 106a, 106b are made equal in depth, how 
ever, they can be formed at the same step. For this reason, in 
addition, the manufacturing process for the semiconductor 
device 100 can be simplified. 

In the above description, +V1 is taken for the voltage 
applied to the MOS1 driving gate electrode 108a and +V2 is 
taken for the voltage applied to the diodegate electrode 108b 
of FWD2. V1 and V2 may be an identical voltage or may be 
different voltages according to the performance of the vertical 
MOSFETs and FWDs. As shown in FIG.37, a period during 
which MOS1 is turned on again and a period during which 
FWD2 is turned offare overlapped with each other. They only 
have to be provided as required and may be not overlapped. 

18th Embodiment 

Description will be given to the 18th embodiment of the 
disclosure. The semiconductor device in this embodiment is 
obtained by applying a Superjunction structure to the 17th 
embodiment. The other respects are the same as those in the 
17th embodiment and description will be given only to a 
difference from the 17th embodiment. 

FIG. 39 is a sectional view of a semiconductor device in 
which a vertical MOSFET and FWD are formed in this 
embodiment. As illustrated in this drawing, p-type columns 
130 are formed in the n-type drift layer 102; and a super 
junction structure is comprised of an n-type column 131 
equivalent to a portion of the n-type drift layer 102 sand 
wiched between p-type columns 130 and a p-type column 
130. The p-type columns 130 and the n-type columns 131 are 
extended with the direction perpendicular to the plane of the 
drawing taken as the direction of length and are alternately 
arranged in a stripe pattern. The formation positions of the 
p-type columns 130 are matched with the p-type body layers 
103. 
As mentioned above, a Superjunction structure can also be 

adopted in the semiconductor device 100. Adoption of this 
Superjunction structure makes it possible to obtain a desired 
breakdown Voltage and reduce on resistance more than con 
ventional. 
When such a superjunction structure as described in rela 

tion to this embodiment is adopted, the following structure 
can be obtained when a p-type column 130 is formed below 
the diode gate electrode 108b; a structure in which the diode 
gate electrode 108b is not in contact with the n-type drift 
layer 102. When a superjunction structure is adopted, for this 
reason, the following can be implemented even though the 
p-type body layers 103a are eliminated: the carrier injection 
efficiency can be reduced by applying positive Voltage to the 
diode gate electrode 108b to form an inversion layer. There 
fore, it is possible to achieve both backflow loss reduction and 
recovery loss reduction without need for trench gates differ 
ent in depth as in each the above embodiment. 

19th Embodiment 

Description will be given to the 19th embodiment of the 
disclosure. The semiconductor device 100 in this embodi 
ment is also obtained by applying a Superjunction structure to 
the 17th embodiment. The other respects are the same as those 
in the 17th embodiment and description will be given to a 
difference from the 17th embodiment. 
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FIG. 40 is a sectional view of a semiconductor device 100 
in which a vertical MOSFET and FWD are formed in this 
embodiment. As illustrated in this drawing, this embodiment 
is also so structured that a Superjunction structure of an n-type 
column 131 and a p-type column 130 is provided. However, 
the formation positions of the p-type columns 131 are not 
matched with the formation positions of the p-type body 
layers 103a. Instead, they are matched with the formation 
positions of the gate electrodes 108 on both adjacent sides of 
a gate electrode 108 whose formation position is matched 
with that of a p-type body layer 103a. 

In case of the semiconductor device 100 with this structure, 
those of the gate electrodes 108 made identical in formation 
position with a p-type body layer 103a or ap-type column 130 
are taken as diodegate electrodes 108; and those formed in 
positions where a p-type body layer 103a or a p-type column 
130 is not formed are taken as driving gate electrodes 108a. A 
portion of the semiconductor device 100 where a diode gate 
electrode 108b is formed functions as FWD and a portion 
where a driving gate electrode 108a is formed functions as a 
vertical MOSFET. 
As mentioned above, the diodegate electrodes 108b can 

also be formed in correspondence both with the p-type body 
layers 103a and with the p-type columns 130. In this case, the 
formation ratio of the driving gate electrode 108a and the 
diode gate electrodes 108b is not 1:1. Since the formation 
ratio can be arbitrarily set, however, no problem arises. 

20th Embodiment 

Description will be given to the 20th embodiment of the 
disclosure. The semiconductor device 100 in this embodi 
ment is provided with a vertical IGBT in place of the vertical 
MOSFET described in relation to the 17th embodiment. The 
other respects are the same as those in the 17th embodiment 
and description will be given only to a difference from the 
17th embodiment. 

FIG. 41 is a sectional view of a semiconductor device 100 
in which a vertical IGBT and FWD are formed in this embodi 
ment. As illustrated in this drawing, this embodiment is pro 
vided on the back surface side of the n-type drift layer 102 
with the following layers in place of the n-type substrate 101 
described in relation to the 17th embodiment: a p-type impu 
rity layer (semiconductor layer of second conductivity type) 
141 equivalent to a collector region and a n-type impurity 
layer (semiconductor layer of first conductivity type) 142 
equivalent to a cathode region. In the thus configured semi 
conductor device 100 in this embodiment, the n-type impu 
rity region 104 functions as an emitter region and a structure 
in which a vertical IGBT and FWD are coupled in parallel is 
obtained. 

Even when the semiconductor device 100 is so structured 
as to include a vertical IGBT and FWD, the same effect as in 
the 17th embodiment can be obtained by adopting the follow 
ing structure: a structure in which the diode gate electrode 
108b is formed in a position corresponding to a p-type body 
layer 103a and the trench 106b is not in contact with the 
n-type drift layer 102. 

Other Embodiments 

In the above description of each embodiment, an n-channel 
vertical MOSFET or vertical IGBT in which the first conduc 
tivity type is n-type and the second conductivity type is p-type 
has been taken as an example. However, the disclosure can 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

36 
also be applied to a p-channel vertical MOSFET or vertical 
IGBT in which the conductivity type of each component is 
inverted. 
The detailed design of the structure of the semiconductor 

device 100 described in relation to each the above embodi 
ment can be appropriately modified. As described in relation 
to the 17th embodiment, for example, a structure in which a 
driving gate pad 111a and a diodegate pad 111b are arranged 
side by side at one corner of a chip is adopted. However, this 
layout also just illustrates an example. Instead, the gates pads 
may be arranged as in the top layout chart in FIG. 42. That is, 
the driving gate pad 111a and the diodegate pad 111b may be 
respectively arranged in diagonal positions in a chip. 

Further, a threshold value at which an inversion layer is 
formed at the diode gate electrode 108b may be made lower 
thana threshold value at which an inversion layer is formed at 
the driving gate electrode 108a. This makes it possible to 
form more inversion layers in proximity to the diode gate 
electrode 108b and carrier extraction is facilitated. Also with 
respect to the gate drive circuit for applying Voltage to each 
gate electrode 108, applied voltage to the diodegate electrode 
108b can be reduced and thus the burden on the circuit can be 
reduced. 

While the disclosure has been described with reference to 
preferred embodiments thereof, it is to be understood that the 
disclosure is not limited to the preferred embodiments and 
constructions. The disclosure is intended to cover various 
modification and equivalent arrangements. In addition, while 
the various combinations and configurations, which are pre 
ferred, other combinations and configurations, including 
more, less or only a single element, are also within the spirit 
and scope of the disclosure. 
What is claimed is: 
1. A semiconductor device comprising: 
a first conductivity type semiconductor layer; 
a drift layer having the first conductivity type, arranged on 

the semiconductor layer, and having an impurity con 
centration lower than the semiconductor layer; 

a base region having a second conductivity type, arranged 
on the drift layer opposite to the semiconductor layer; 

a first conductivity type impurity region arranged on the 
base region, and having an impurity concentration 
higher than the drift layer; 

a second conductivity type impurity layer arranged at a 
position deeper than the base region, and contacting the 
base region; 

a trench arranged on a Surface of the base region, wherein 
the trench extends in a longitudinal direction, and the 
first conductivity type impurity region and the base 
region are arranged on both sides of the trench; 

a gate insulating film arranged on a surface of the trench; 
a gate electrode arranged in the trench through the gate 

insulating film; 
a front surface electrode electrically coupled to the first 

conductivity type impurity region and the base region; 
and 

a back Surface electrode arranged on a back Surface of the 
first conductivity type semiconductor layer opposite to 
the drift layer, 

wherein, whena Voltage is applied to the gate electrode, an 
inversion layer is generated in a surface portion of the 
base region located on a side of the trench, 

whereina current flows between the front surface electrode 
and the back surface electrode through the first conduc 
tivity type impurity region, the inversion layer, and the 
drift layer so that an inverting vertical semiconductor 
Switching element is provided, 
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wherein a p-n junction is provided between the base region 
and the drift layer so that a free wheel diode having a 
diode operation is provided, 

wherein the semiconductor switching element and the free 
wheel diode are arranged in one chip, 5 

wherein the trench includes a first trench and a second 
trench, 

wherein the first trench is deeper than the base region and 
reaches the drift layer, 

wherein the second trench has a same depth as the first 10 
trench, reaches the second conductivity type impurity 
layer and is shallower than a bottom portion of the sec 
ond conductivity type impurity layer, 

wherein the gate electrode includes a driving gate electrode 
for driving the vertical semiconductor Switching ele- 15 
ment and a diode gate electrode for generating an inver 
sion layer in the base region at a position where the free 
wheel diode is arranged, 

wherein the driving gate electrode is arranged in the first 
trench, 2O 

wherein the diode gate electrode is arranged in the second 
trench, 

wherein a Voltage is independently applied to the driving 
gate electrode and the diodegate electrode, and 

wherein the gate insulating film is between, and directly 25 
contacts, the diode gate electrode and the first conduc 
tivity type impurity region. 

2. The semiconductor device of claim 1, 
wherein the second conductivity type impurity layer is a 

second conductivity type body layer arranged at a lower 30 
part of the base region. 

3. The semiconductor device of claim 1, 
wherein the longitudinal direction of the driving gate elec 

trode is parallel to the longitudinal direction of diode 
gate electrode, and 35 

wherein the driving gate electrode and the diode gate elec 
trode are arranged in a stripe pattern having a predeter 
mined formation ratio. 

4. The semiconductor device of claim 3, further compris 
ing: 40 

a driving gate wiring coupled to the driving gate electrode: 
and 

a diodegate wiring coupled to the diode gate electrode, 
wherein the driving gate wiring is drawn from one end of 

the driving gate electrode in the longitudinal direction, 45 
and 

wherein the diode gate wiring is drawn from the other end 
of the diode gate electrode in the longitudinal direction. 

5. The semiconductor device of claim 1, 
wherein a threshold value in a case where an inversion 50 

layer is formed when a voltage is applied to the diode 
gate electrode is lower than a threshold value in a case 
where an inversion layer is formed when a Voltage is 
applied to the driving gate electrode. 

6. The semiconductor device of claim 1, 55 
wherein the vertical semiconductor Switching element is a 

vertical MOSFET, 
wherein the first conductivity type impurity region is a 

Source region, 
wherein the front surface electrode is a source electrode, 60 

and 
wherein the back surface electrode is a drain electrode. 
7. A control method for an apparatus including two semi 

conductor devices connected in series with each other, and an 
inductive load connected at a junction point between the two 65 
semiconductor devices, each of the semiconductor devices 
comprising: 

38 
a first conductivity type semiconductor layer; 
a drift layer having the first conductivity type, arranged on 

the semiconductor layer, and having an impurity con 
centration lower than the semiconductor layer; 

a base region having a second conductivity type, arranged 
on the drift layer opposite to the semiconductor layer; 

a first conductivity type impurity region arranged on the 
base region, and having an impurity concentration 
higher than the drift layer; 

a second conductivity type impurity layer arranged at a 
position deeper than the base region, and contacting the 
base region; 

a trench arranged on a Surface of the base region, wherein 
the trench extends in a longitudinal direction, and the 
first conductivity type impurity region and the base 
region are arranged on both sides of the trench; 

a gate insulating film arranged on a surface of the trench; 
a gate electrode arranged in the trench through the gate 

insulating film; 
a front surface electrode electrically coupled to the first 

conductivity type impurity region and the base region; 
and 

a back Surface electrode arranged on a back Surface of the 
first conductivity type semiconductor layer opposite to 
the drift layer, wherein 

whena Voltage is applied to the gate electrode, an inversion 
layer is generated in a Surface portion of the base region 
located on a side of the trench, 

a current flows between the front surface electrode and the 
back surface electrode through the first conductivity 
type impurity region, the inversion layer, and the drift 
layer so that an inverting vertical semiconductor Switch 
ing element is provided, 

a p-n junction is provided between the base region and the 
drift layer so that a free wheel diode having a diode 
operation is provided, 

the semiconductor switching element and the free wheel 
diode are arranged in one chip, 

the trench includes a first trench and a second trench, 
the first trench is deeper than the base region and reaches 

the drift layer, 
the second trench has a same depth as the first trench, 

reaches the second conductivity type impurity layer and 
is shallower than a bottom portion of the second conduc 
tivity type impurity layer, 

the gate electrode includes a driving gate electrode for 
driving the vertical semiconductor Switching element 
and a diode gate electrode for generating an inversion 
layer in the base region at a position where the free wheel 
diode is arranged, 

the driving gate electrode is arranged in the first trench, and 
the diode gate electrode is arranged in the second trench, 
the method comprising: 
Switching the vertical semiconductor Switching element in 

one of the semiconductor devices arranged on a high 
side from an off state to an on State, and Switching the 
free wheel diode in the other semiconductor device 
arranged on a low side from an on state to an off state; 
and 

before the vertical semiconductor switching element in the 
one of semiconductor devices on the high side is 
Switched from the off state to the on state, applying a 
gate Voltage to the diode gate electrode in the other 
semiconductor device on the low side in order to gener 
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ate an inversion layer in the base region located on the 
side of the second trench, in which the diode gate elec 
trode is arranged. 
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